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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. A total of 50 fetuses with no external pathology
or anomaly, and the ages of which varied between 20-40 gestational weeks were incorporated into the study. The fetuses were separated into
groups according to gestational weeks, trimesters and months. After the general external measurements of the fetuses were performed,
mammography and hand radiographies of the fetuses were shot in the way that their hands would be in a pronational position. Afterwards,
the morphometric measurements of the hands were performed with the help of a digital caliper through the hand radiographies that were
shot. The averages and standard deviations of the measured parameters were determined according to gestational weeks, trimesters and
months. There was a significant correlation between the measured parameters and the gestational age (p<0.001). Additionally, it was
observed that there was some difference among the groups in the comparison of the measured parameters involving trimesters and months
(p<0.05). We are of the opinion that in evaluating the clinical studies regarding the morphometric development of the hand throughout the
fetal period and in determining the pathologies and variations related to the fetal hand development, the data obtained in our study will be
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 of
gestation up until the delivery is the phase during which the
fetus rapidly grows and the organs are formed (Sadler, 1990;
Williams et al., 1995). The prenatal analysis of the fetal bones
through ultrasonography provides information as to the fetal
growth and gestational age (Taeusch, 1991). The development
of the skeletal system, as in other systems, takes place in a
certain order (Moore & Persaud, 2008). While the upper
extremities begin to develop between 26th -27th days of
gestation, the hands and fingernails begin to develop within
the 21st and 24th weeks of gestation (Malas et al., 2006;
Sadler). The malformations seen in the extremities during the
fetal period take shape in the form of external images of

several syndromes (Sadler; Williams et al.). Thus, it is
important to perform an ultrasonographic evaluation of fetal
hands and feet for the antenatal diagnoses of gestations with
high risk, since hand and foot anomalies often accompany
fetal trisomy syndromes. The most frequently observed digit
anomaly is polydactyly, which occurs in Trisomy 13
syndrome. Again, ultrasonographically, some findings, such
as limb reduction and club or rocker-bottom feet are seen in
Trisomy 18 syndrome (Hata et al., 1998). Separately, it is
emphasized that the findings, such as the shortness and curling
in the mid-phalanx of the 5th digit during the prenatal period,
are specific findings for Down’s syndrome (Hata et al.; Kjaer
et al., 1998). Again, hand radiographies are used for
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determining the body height and age as well as evaluating
the development and the maturation of the skeletal system
during the postnatal period (Kjaer & Kjaer, 1998).
Furthermore, in the assay of the bone age of the children aged
between 3-19 (Martin et al., 2011).

There are a number of ultrasonographic studies
conducted to determine the delay of fetal development, fetal
weight and fetal age and to evaluate the fetal extremity
development during the gestational period (Stoll et al., 1994;
Hata et al.; Czerwinski et al., 2004). Martin et al.. examined
the thickness, width, length and medullar diameter of
metacarpal bones in the children aged between 3-19. They
state the fact that the data they obtained as the result of the
study will be the basis for the studies to be conducted as
regards bone development as well as the management of hor-
monal therapy in children. Kjaer & Kjaer conducted a
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 be
of use in terms of evaluating the pathologies related to hand
development. Kjaer et al.. evaluated the hand development
and maturation in the patients with Trisomy-21 during the
fetal period. As the result of their evaluation, they emphasize
the fact that the hand length was normal, the third digit was
short and that the mid-phalanx of the fifth digit had ossified
late in terms of development. Uluutku et al.. (2010) as the
result of the study they conducted, state that hand length is of
importance in the assay of gestational age.

In humans, the features specific to an individual, such
as the proportion of each limb and its shape, actually contain
important information about that individual. As the result of
extensive literature studies, it is reported that by obtaining
information from the digit proportion of a certain individual,
several important information may be revealed with respect
to the life, health and personal preferences of that individual
(Malas et al.; Schwerdtfeger et al., 2010). Therefore, several
scientific studies have been conducted on the ratio of index
finger to the ring finger (2D:4D) (Malas et al.; Schwerdtfeger
et al.). According to the result of the study conducted on
surgeons; it is stated that 2D:4D digit ratio in male surgeons
proved to be significantly lower than that in the control group,
whereas this ratio was not different between the female
surgeons and the control group (Joyce et al., 2014). In some
conducted studies, it is also reported that the bone
development during the fetal period is associated with
hormones and that this association indicated to several
diseases (Manning et al., 1998; Robinson & Manning, 2000).
Robinson & Manning expresses the fact that estrogen showed
a positive correlation, whereas testosterone showed a negative
correlation in 2D:4D digit ratio. Brown et al.. (2002) in their
study conducted on the 2D:4D digit ratio in the patients with

congenital adrenal hyperplasia (CAH), state that 2D:4D digit
ratio on the left hand of male patients was smaller , whereas
this ratio was smaller on the right hand of female patients
when compared with the patients who had no congenital
adrenal hyperplasia. Buck et al.. (2003) in a similar study
they conducted, compared 2D:4D digit ratio in male and
female patients with CAH and found that 2D:4D digit ratio
proved to be smaller in male patients. Separately, it is pointed
out that 2D:4D digit ratio did not differ in females in terms of
sexual orientation, whereas this ratio differed in males in terms
of sexual orientation (between homosexuals and
heterosexuals) (Manning et al., 2007).

In our study, different from the others, we aimed to
radiologically investigate the development of hand during the
fetal period between 20-40 weeks in human fetuses as well
as evaluating its clinical importance.

MATERIAL AND METHOD

The study comprised of 100 fetuses hand (50 fetuses:
23 males, 27 females) at a gestational age of 20–40 weeks;
the fetuses were obtained from the prenatal period or after
abortion. In order to use the fetuses as experimental materials,
the signed consents were obtained from the families and the
experimental procedures were ethically approved by the
official laws and regulations of Turkish Ministry of Health.
The fetuses with external pathology or anomalies and those
cases with anomalies (omphalocel, gastroschisis, diaphragm
hernia, Meckel diverticulum, colon malposition, renal
agenesis, ectopic kidneys, agenesis of external genitalia, etc.)
were also not studied.

Gestational ages of the fetuses were determined using
crown-rump length (CRL), bi-parietal diameter (BPD), head
circumference (HC), femur length (FL) and foot length
(Moore & Persaud). Fetuses were assigned to one of three
groups according to their gestational ages: Group I (2nd
trimester, 20-25 weeks), Group 2 (3rd trimester, 26-37 weeks)
and Group 3 (term, 38-40 weeks). Fetuses were also divided
into 6 groups according to their gestational age in months;
fetuses aged 20, 21-24, 25-28, 29-32, 33-36, and 37-40 weeks
were assigned to 5, 6, 7, 8, 9, and 10-months groups,
respectively.

 Afterwards, the mammographies and radiographies
of the hands of fetuses were shot in the way that they would
be in a pronational position (Fig. 1). The radiographies that
were shot were placed on the negatoscope, and the
morphometric measurements were performed with the help
of a digital caliper by starting from the radial part of the hand.
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Morphometric Measurements Performed:

1st Metacarpal Length (MıL): The vertical distance between the
starting point and the end point of the metacarpal bone.
1st Metacarpal Proximal Width (MıPW): The transverse width of the
proximal region of 1st metacarpal bone.
1st Metacarpal Distal Width (MıDW): The transverse width of the
distal region of 1st metacarpal bone.
2nd Metacarpal Length (MııL): The vertical distance between the
starting point and the end point of 2nd metacarpal bone.
2nd Metacarpal Proximal Width (MııPW): The transverse width of
the proximal region of 2nd metacarpal bone.
2nd Metacarpal Distal Width (MııDW): The transverse width of the
distal region of 2nd metacarpal bone.
3rd Metacarpal Length (MıııL): The vertical distance between the
starting point and the end point of 3rd metacarpal bone.
3rd Metacarpal Proximal Width (MıııPW): The transverse width of
the proximal region of 3rd metacarpal bone.
3rd Metacarpal Distal Width (MıııDW): The transverse width of the
distal region of 3rd metacarpal bone.
4th Metacarpal Length (MıvL): The vertical distance between the
starting point and the end point of 4th metacarpal bone.
4th Metacarpal Proximal Width (MıvPW): The transverse width of
the proximal region of 4th metacarpal bone.
4th Metacarpal Distal Width (MıvDW): The transverse width of the
distal region of 4th metacarpal bone.
5th Metacarpal Length (MvL): The vertical distance between the
starting point and the end point of 5th metacarpal bone.
5th Metacarpal Proximal Width (MvPW): The transverse width of
the proximal region of 5th metacarpal bone.
5th Metacarpal Distal Width (MvDW): The transverse width of the
distal region of 5th metacarpal bone.
1st Proximal Phalanx Length (PPıL): The vertical distance between
the starting point and the end point of the proximal phalanx belonging
to the 1st digit.
1st Proximal Phalanx Proximal Width (PPıPW): The transverse width
of the proximal region of the proximal phalanx belonging to the 1st
digit.
1st Proximal Phalanx Distal Width (PPıDW): The transverse width
of the distal region of the proximal phalanx belonging to the 1st
digit.
1st Distal Phalanx Length (DPıL): The vertical distance between the
starting point and the end point of the distal phalanx belonging to the
1st digit.
1st Distal Phalanx Proximal Width (DPıPW): The transverse width
of the proximal region of the distal phalanx belonging to the 1st
digit.
1st Distal Phalanx Distal Width (DPıDW): The transverse width of
the distal region of the distal phalanx belonging to the 1st digit.
2nd Proximal Phalanx Length (PPııL): The vertical distance between
the starting point and the end point of the proximal phalanx belonging
to the 2nd digit.
2nd Proximal Phalanx Proximal Width (PPııPW): The transverse
width of the proximal region of the proximal phalanx belonging to
the 2nd digit.
2nd Proximal Phalanx Distal Width (PPııDW): The transverse width
of the distal region of the proximal phalanx belonging to the 2nd
digit.
2nd Mid-Phalanx Length (MPııL): The vertical distance between
the starting point and the end point of the mid-phalanx belonging to
the 2nd digit.
2nd Mid-Phalanx Proximal Width (MPııPW): The transverse width

of the proximal region of the mid-phalanx belonging to the 2nd digit.
2nd Mid-Phalanx Distal Width (MPııDW): The transverse width of
the distal region of the mid-phalanx belonging to the 2nd digit.
2nd Distal Phalanx Length (DPııL): The vertical distance between
the starting point and the end point of the distal phalanx belonging to
the 2nd digit.
2nd Distal Phalanx Proximal Width (DPııPW): The transverse width
of the proximal region of the distal phalanx belonging to the 2nd
digit.
2nd Distal Phalanx Distal Width (DPııDW): The transverse width of
the distal region of the distal phalanx belonging to the 2nd digit.
3rd Proximal Phalanx Length (PPıııL): The vertical distance between
the starting point and the end point of the proximal phalanx belonging
to the 3rd digit.
3rd Proximal Phalanx Proximal Width (PPıııPW): The transverse
width of the proximal region of the proximal phalanx belonging to
the 3rd digit.
3rd Proximal Phalanx Distal Width (PPıııDW): The transverse width
of the distal region of the proximal phalanx belonging to the 3rd
digit.
3rd Mid-Phalanx Length (MPıııL): The vertical distance between
the starting point and the end point of the mid- phalanx belonging to
the 3rd digit.
3rd Mid-Phalanx Proximal Width (MPıııPW): The transverse width
of the proximal region of the mid- phalanx belonging to the 3rd digit.
3rd Mid-Phalanx Distal Width (MPıııDW): The transverse width of
the distal region of the mid- phalanx belonging to the 3rd digit.
3rd Distal Phalanx Length (DPıııL): The vertical distance between
the starting point and the end point of the distal phalanx belonging to
the 3rd digit.
3rd Distal Phalanx Proximal Width (DPıııPW): The transverse width
of the proximal region of the distal phalanx belonging to the 3rd digit.
3rd Distal Phalanx Distal Width (DPıııDW): The transverse width of
the distal region of the distal phalanx belonging to the 3rd digit.
4th Proximal Phalanx Length (PPıvL): The vertical distance between
the starting point and the end point of the proximal phalanx belonging
to the 4th digit.
4th Proximal Phalanx Proximal Width (PPıvPW): The transverse
width of the proximal region of the proximal phalanx belonging to
the 4th digit.
4th Proximal Phalanx Distal Width (PPıvDW): The transverse width
of the distal region of the proximal phalanx belonging to the 4th digit.
4th Mid-Phalanx Length (MPıvL): The vertical distance between the
starting point and the end point of the mid-phalanx belonging to the
4th digit.
4th Mid-Phalanx Proximal Width (MPıvPW): The transverse width
of the proximal region of the mid-phalanx belonging to the 4th digit.
4th Mid-Phalanx Distal Width (MPıvDW): The transverse width of
the distal region of the mid-phalanx belonging to the 4th digit.
4th Distal Phalanx Length (DPıvL): The vertical distance between
the starting point and the end point of the distal phalanx belonging to
the 4th digit.
4th Distal Phalanx Proximal Width (DPıvPW): The transverse width
of the proximal region of the distal phalanx belonging to the 4th digit.
4th Distal Phalanx Distal Width (DPıvDW): The transverse width of
the distal region of the distal phalanx belonging to the 4th digit.
5th Proximal Phalanx Length (PPvL): The vertical distance between
the starting point and the end point of the proximal phalanx belonging
to the 5th digit.
5th Proximal Phalanx Proximal Width (PPvPW): The transverse
width of the proximal region of the proximal phalanx belonging to
the 5th digit.
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5th Proximal Phalanx Distal Width (PPvDW): The transverse width
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
5th digit.
5th Mid-Phalanx Proximal Width (MPvPW): The transverse width
of the proximal region of the mid-phalanx belonging to the 5th digit.
5th Mid-Phalanx Distal Width (MPvDW): The transverse width of
the distal region of the mid-phalanx belonging to the 5th digit.
5th Distal Phalanx Length (DPvL): The vertical distance between
the starting point and the end point of the distal phalanx belonging to
the 5th digit.
5th Distal Phalanx Proximal Width (DPvPW): The transverse width
of the proximal region of the distal phalanx belonging to the 5th
digit.
5th Distal Phalanx Distal Width (DPvDW): The transverse width of
the distal region of the distal phalanx belonging to the 5th digit.
1st Digit Length (DıL): The vertical distance between the starting
point and the end point of the 1st digit.
2nd Digit Length (DııL): The vertical distance between the starting
point and the end point of the 2nd digit.
3rd Digit Length (DıııL): The vertical distance between the starting
point and the end point of the 3rd digit.
4th Digit Length (DıvL): The vertical distance between the starting
point and the end point of the 4th digit.
5th Digit Length (DvL): The vertical distance between the starting
point and the end point of the 5th digit.
Hand Length (HL): The vertical distance between the transverse axis
passing through the point at which the bones of the forearm end and
the transverse axis passing through the extreme point of the 3rd digit
(Malas et al.).
Hand Width (HW): The widest transversing distance between 2nd
and 5th digits (Malas et al.).
Hand Index: [(hand width/hand length) x 100] (Malas et al.).
2D:4D Index: [(length of 2nd digit /length of 4th digit) x 100] (Ma-
las et al.).

Statistical Analysis. By utilizing the SPSS statistical program,
the averages and standard deviations of the parameters
according to sexs, gestational age and groups were ascertained.
The significance level in the statistical analysis was taken as
p<0.05. The parametric values given in accordance with the
groups were shown with the average ± standard deviation. In
the comparison of the groups, non-parametric tests were used
due to the scarcity of the number of cases in some groups.
Firstly, the Kruskall-Wallis variance analysis was performed.
As the result of this analysis, the groups regarded as significant
were compared in groups of twos by means of Mann-Whitney
U test. The levels of significance were assessed through the
Bonferroni Correction. The relationships between the
parameters taken and the gestational age (week) were
determined through the use of Pearson correlation test. In the
inter-sex comparison of the parametric data, the Student- T
test (in total for all the cases) and Mann-Whitney U test (within
each group while comparing separately) were utilized. The
values, p obtained were given in the findings section and under
the tables involved.

RESULTS

 The general external measurements of the fetuses
were performed in the first place. It was determined in the
measurements performed that there was no difference
between sexs (p>0.05). Afterwards, the mammographies

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

Fig. 2. The correlation of 2D:4D index with the hand index and the
gestational age.
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and radiographies of the hands of fetuses were
shot in the way that they would be in a pronational
position (Fig. 1). According to the image results
in the radiographies that were shot; it was
observed that the carpal bones had not developed
completely throughout the fetal period; yet, the
metacarpal bone and phalanxes were seen to have
developed (Fig. 1). The radiographies shot later
on were placed on the negatoscope, and the
morphometric measurements were performed
with the help of a digital caliper by starting from
the radial part of the hand. The averages and stan-
dard deviations of the morphometric
measurements were determined according to
weeks, trimesters and months. (Table 1A, 1B, 1C,
1D, Table 2A, 2B, 2C, 2D, 2E and Table 3A, 3B,
3C, 3D, 3E). In the comparison of these
parameters in terms of trimester and monthly
groups, it was observed that there was some
difference between the groups (p<0.05, Table 1A,
1B, 1C, 1D, Table 2A, 2B, 2C, 2D, 2E and Table
3A, 3B, 3C, 3D, 3E). Separately, in the right-left
comparison and in the comparison of sexs with
respect to these parameters, it was determined that
there was no statistical difference (p>0.05, Table
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 between
the measured parameters and the gestational age
(p<0.001). In addition, 2D:4D index was reviewed
in our study (Table 4A, 4B). It was determined
that 2D:4D index in female fetuses proved to be
higher than that in male ones; yet, no difference
was detected between the sexs (p>0.05, Table 4A,
4B). As for 2D:4D index, it was determined that
there was some difference between the groups in
the comparison of trimester (except for the
comparison between 3rd and 4th trimester groups)
and monthly groups (p<0.05, Table 4A, 4B).
Separately, it was ascertained that the length of
2nd digit had developed more rapidly up until 30th
week, whereas starting from the succeeding weeks
up until the delivery, the length of 4th digit had
developed more rapidly (Fig. 2, Table 4A, 4B). It
was determined that there was no significant
correlation between 2D:4D index and the
gestational age (p>0.001, Fig. 2). In addition, the
hand index was reviewed in our study (Table 4A,
4B). It was observed that the hand index in female
fetuses proved to be higher than that in male ones;
yet, no difference was detected between the sexs
(p>0.05, Table 4A, 4B). As for the hand index,
some difference between the groups was W
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determined in the comparison of trimester
and monthly groups (p<0.05, Table 4A,
4B). Besides, in the hand index, it was
determined that the hand width had
developed more rapidly than the hand
length throughout the fetal period (Fig. 2,
Table 4A, 4B). A significant correlation
was determined between the hand index
and the gestational age (p<0.001, Fig. 2).

DISCUSSION AND CONCLUSION

The shape of hands and digits reflect
the developmental characteristics of an in-
dividual during the prenatal and postnatal
periods (Malas et al.). Separately, the pre-
natal analysis of fetal bones through
ultrasonography provides information as to
fetal growth and gestational age (Manning
et al., 1998; Robinson & Manning). For
this reason, several ultrasonographic
studies have been conducted on the
development of fetal extremity (Budorick
et al., 1998; Malas et al.). The development
of the skeletal system, as in other systems,
takes place within a certain order (Moore
& Persaud). The malformations seen during
the fetal period take shape in the form of
the external images of a number of
syndromes (Sadler; Williams et al.).
Therefore, it is important to perform an
ultrasonographic evaluation over the fetal
hand and foot for the antenatal diagnosis
of gestations with high risk, since hand and
foot anomalies often accompany fetal
trisomy syndromes (Hata et al.).

When the previous studies
conducted on the development of fetal hand
were reviewed, no study investigating the
hand development during the fetal period
through radiological methods was found.
The studies conducted on the fetal period
were concerned with either the histological
development of hand or the morphometric
hand measurements performed on cadaver
fetuses (Czerwinski et al.; Kjaer & Kjaer;
Malas et al.). Besides, there were also some
studies conducted on adults and Trisomy-
21 patients (Kjaer et al.; Martin et al.). In
our study, different from the other ones, we

aimed to investigate the development of
hand in human fetuses over the radiological
images as well as evaluating its importance
in terms of clinics.

In our study, the morphometric
measurements regarding length and
proximal and distal regional widths of
metacarpal bones were performed in the
first place (Table 1A, 1B, 1C, 1D, Table
2A, 2B, 2C, 2D, 2E and Table 3A, 3B, 3C,
3D, 3E). It was determined that there was
a significant correlation between the
measured parameters and the gestational
age (p<0.001). Separately, it was
determined at the end of the fetal period
that MııL had the longest and MıL had the
shortest lengths (Table 1A). It was also
ascertained that the metacarpal lengths
throughout the fetal period were longer in
female fetuses; yet, no difference was
determined between the sexs (p>0.05,
Table 2A, 2B, Table 3A, 3B). In our study,
it was observed that the measurements of
the proximal and distal widths of 2nd
metacarpal bone had the highest value
(Table 1A). Separately, the distal widths of
the metacarpal bones were determined to
be higher than the proximal ones (Table
1A). When we had a look at the studies
conducted previously, we could not come
across any study regarding the
morphometric development of metacarpal
bones during the fetal period. Czerwinski
et al.. in a study they conducted, examined
the ossification of metacarpal and
phalangeal bones in human fetuses. As the
result of the study, they state the fact that
ossification started to occur in the distal
phalanxes in both sexs, starting from the
5th month onwards, whereas this process
started to occur in the metacarpal bones in
the 9th month. Martin et al.. in their study
conducted on 231 healthy children aged
between 3-19, measured the thicknesses,
widths and lengths of metacarpal bones.
They express that the parameters they
obtained as the result of the study proved
to be comparatively higher in male children
according to the bone age. They also point
out that the results of their study will be
the basis for the forthcoming studies to be
conducted on the development of theM
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skeletal system and that it will also be effective on the
management of the hormonal therapy to be performed on
children (Martin et al.). Kjaer & Kjaer in a study they
conducted on 144 fetuses that underwent a change between
10th -23rd weeks, measured the length of the 3rd metacarpal
length as well as the length of the proximal phalanx of the
3rd digit. They emphasize the fact that the data they obtained
as the result of their study were important factors in the
evalaution of hand length and in the assay of fetal age.
Besides, they also state that this will be beneficial in the
development of the skeletal system as well as the
identification of pathological cases. Kjaer et al.. as the result
of the study they conducted on 25 fetuses with Down
syndrome, report that the 3rd metacarpal and 3rd digit-
proximal phalanx lengths proved to be shorter than those of
the normal fetuses, whereas the hand length proved to be
normal. Our study, different from the others, covers a broader
part of the fetal period and yields morphometric results
comprising all the metacarpal bones. We are of the opinion
that the data of the results of our study will be of use in
evaluating the development of the skeletal system throughout
the fetal period, determining pathological cases and in
identifying the fetal age and sex.

In our study, later on, the morphometric
measurements were performed with respect to the digit
lengths as well as the proximal, middle and distal phalanx
lengths of each digit, and the widths pertaining to the
proximal and distal regions of each phalanx (Table 1A, 1B,
1C, 1D, Table 2A, 2B, 2C, 2D, 2E and Table 3A, 3B, 3C,
3D, 3E). It was determined that there was a significant
correlation between the measured parameters and the
gestational age (p<0.001). At the end of the fetal period, it
was ascertained that the 3rd digit was the longest and the
5th digit was the shortest of all (Table 1A, 1B, 1C, 1D, Table
2A, 2B, 2C, 2D, 2E and Table 3A, 3B, 3C, 3D, 3E).
Separately, it was determined that the data of the proximal
phalanx had the highest value, whereas the data of the distal
phalanx had the lowest value (Table 1A, 1B, 1C, 1D, Table
2A, 2B, 2C, 2D, 2E and Table 3A, 3B, 3C, 3D, 3E). It was
also seen that the data of digit lengths and the morphometric
data pertaining to phalanxes proved to be higher in female
fetuses; yet, no difference was detected between the sexs
(p>0.05, Table 2B, 2C, 2D, 2E and Table 3B, 3C, 3D, 3E).
Malas et al.. as the result of the macroscopic study they
conducted on cadaver fetuses, state the fact that the 3rd digit
was the longest and the 1st digit was the shortest ones in
terms of length at the end of the fetal period. They also point
out that there was no difference between digit lengths in
terms of sex. Again, as the result of the study, they note that
there is a significant correlation between digit lengths and
the gestational age. Kjaer & Kjaer in a study they conducted
on 144 fetuses that changed between 10th-23rd weeks,

measured the 3rd metacarpal and 3rd digit proximal phalanx
lengths. They emphasize that the data obtained as the result
of the study are significant factors in determining hand length
and in the identification of the fetal age, in addition to which
they state that this will be beneficial in the development of
the skeletal system and in determining the pathological ca-
ses. Kjaer et al.. as the result of the study they conducted on
25 fetuses with Down syndrome, report that the 3rd
metacarpal and 3rd digit-proximal phalanx lengths proved
to be shorter than those of the normal fetuses, whereas the
hand length proved to be normal. Garn et al.. (1974) in a
study they conducted on 66 embryos, the CRL of which
varied between 15-75 mm, report that the hand development
in male fetuses were more rapid and that there was a
statistical difference between the sexs. In the embryos, the
CRL of which were 31-75 mm, however, the development
in both sexs is said to be similar and there is no difference
between the sexs. What distinguishes our study from others
is that all the morphometric data pertaining to digits and
phalanxes were obtained by using the radiological imaging
method. As was seen in the study results of Malas et al.. the
3rd digit was observed as the longest one in our study, as
well. While in the result of the study by Malas et al.. the 1st
digit was the shortest one, in our study did the 5th digit prove
to be the shortest one. We considered the fact that this
outcome was due to the direct measurement of the bone
structure in the radiographies during the measurement
process as well as the differences in the digit development
that were likely to show up during the fetal period.

 In our study, we picked the parameters pertaining to
hand length and width (Table 1D, 2E and 3E). We ascertained
that there was a significant correlation between the measured
parameters and the gestational age (p<0.001). Again, during
the study, we observed that hand width developed more
rapidly than hand length (Fig. 2). Separately, we determined
that hand width in female fetuses was larger during the fetal
period when compared with that in male fetuses; yet, this
was statistically insignificant (p>0.05, Table 4A, 4B). As
for the comparison between hand length and hand width in
terms of trimesters and months, we observed some difference
among all groups (p<0.05, Table 2E, 3E). When we reviewed
the former studies, we came across a study conducted on
cadaver fetuses by Malas et al... Malas et al.. state as the
result of their study that the hand length and width are
correlated with the gestational age. Besides, in the
comparison of hand length and width in terms of trimesters,
some difference between the groups are mentioned. As for
the comparison between months; they state that there was
some difference among the other groups, except for the
period between 8th-9th and 9th -10th months. Our study
results, no matter how different it is in terms of the results
and parameter values seen in the study results of Malas et
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al.. is still in concordance with their study in terms of the
fetal development. We identified this outcome with the
number of fetuses used in the study and the different materials
used in the measurement process. Separately, we interpreted
the study results as follows: The fetal hand length and width
develops evenly between the sexs.

 In our study, the hand index rate was examined later
on. The hand index was determined to have been correlated
with the fetal age throughout the fetal period (p<0.001, Fig.
2). In addition, the hand index was ascertained to be higher
in female fetuses than in male ones; yet, this was statistically
insignificant (p>0.05, Table 4A, B). Separately, as for the
hand index; in the comparison of the periods between the
trimesters and months, some difference was identified among
all groups (p<0.05, Table 2E, 3E). When we reviewed the
former studies, we came across a study conducted on the
hand index pertaining to hand development throughout the
fetal period by Malas et al.. Malas et al.. as the result of
their study, report that the hand index was correlated with
the fetal age and that there was no difference between the
sexs. Additionally, in their study, they state the fact that
except for the period between 7th, 8th, 9th and 10th months,
there was some difference among the other groups. Our study
results show the same outcome as the results in Malas et al..
study in terms of the correlation with the fetal age and the
indifference between the sexs. On the other hand, in the
comparison of the periods between trimesters and months,
some difference is observed in some of the groups. We
identified these results with the number of fetuses used in
the study and the different materials used in the measurement
process. Separately, we interpreted the study results as
follows: The fetal hand length and width throughout the fe-
tal period may develop at different rates.

 We reviewed 2D:4D index in our study, as well. We
observed that 2D:4D index was not correlated with the fetal
age throughout the fetal period (p>0.001, Fig. 2). Moreover,
we determined that 2D:4D index was higher in female fetuses
throughout the fetal period but this did not indicate to any
statistical significance (p>0.05, Table 4A, 4B). In our study,
we ascertained that the 2nd digit had developed more rapidly
up until the 30th week, whereas during the period that lasted
from the 30th week until the delivery, the 4th digit was seen
to have developed more rapidly (Fig. 2). When we reviewed
the former studies concerning 2D:4D index, we came across
a study conducted on human fetuses by Malas et al.. as well
as other studies conducted on adults (Gorka et al., 2015;
Manning et al., 2014; Manning et al., 2007; Ranson et al.,
2015). Malas et al.. in their study, examined 2D:4D index
throughout the fetal period and ascertained that 2D:4D index
was not correlated with the fetal age. Separately, they state
that this index is higher in female fetuses but does not indicate

to a statistical significance. In the studies conducted on
adults, however, 2D:4D index is emphasized to be higher in
females (Manning et al., 2007; Joyce et al.; Manning et al.,
2014; Gorka et al.; Ranson et al.). Our study results are in
concordance with the other study results. We identify this
outcome with the fact that the 2nd digit develops more
rapidly than the 4th digit both during the fetal period and
the adulthood in females in particular. The malformations
seen in the extremities during the fetal period could be the
precursors of several syndromes (Sadler; Williams et al.).

 Hence, it is important to perform an ultrasonographic
evaluation of fetal hand and foot for the antenatal diagnosis
of gestations with high risk, since hand and foot anomalies
often accompany fetal trisomy syndromes. It is highlighted
that the findings, such as the shortness and curling in the
mid-phalanx of the 5th digit during the prenatal period, are
specific findings for Down syndrome (Hata et al.; Kjaer et
al.). In addition, it is stated that the bone development during
the fetal period is associated with the hormones and that
this association is the indicator of some diseases (Manning
et al., 1998; Robinson & Manning). According to the study
results performed, it is reported that estrogen shows a positive
correlation, whereas testosterone shows a negative
correlation in 2D:4D digit ratio (Robinson & Manning).
Besides, 2D:4D digit ratio in the patients with congenital
adrenal hyperplasia was smaller on the left hand of males
and on the right hand of females when compared with nor-
mal patients (Brown et al.).

 Our study comprises detailed information about the
radiologically morphometric development of the hand that
has never been performed in former studies. We regard our
study as a precursor, one which is beneficial in evaluating
the development of fetal skeletal system as well as
determining, at an early stage, the pathologies and anomalies
as regards the development of fetal skeletal system.

In conclusion; we are of the opinion that the
morphometric data obtained in our study will be of use to the
involved clinicians engaged in gynecology, radiology,
pathology, forensic medicine and perinatology in terms of
evaluating the development of hand and the skeletal system
throughout the fetal period, determining the pathologies and
variations related to the development of the fetal hand and the
skeletal system, and also in identifying the fetal age and sex.
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RESUMEN: Se investigó radiológicamente el desarrollo morfométrico de la mano en fetos humanos a lo largo del período fetal
y se evaluó la importancia clínica de este período. La muestra consistió en 50 fetos de 20 a 40 semanas de gestación, sin patología externa
o anomalía. Los fetos se dividieron en grupos según las semanas, trimestres y  meses de gestación. Después de las mediciones externas
generales de los fetos se realizaron mamografías y radiografías de mano de los fetos en posición de pronación. Posteriormente, las
mediciones morfométricas de las manos se realizaron en las radiografías  con la ayuda de un calibre digital. Hubo una correlación
significativa entre los parámetros medidos y la edad gestacional (p <0,001). Adicionalmente, se observó que hubo una diferencia entre
los grupos en la comparación de los parámetros medidos según los trimestres y meses (p <0,05). Consideramos que al evaluar los
estudios clínicos sobre el desarrollo morfométrico de la mano a lo largo del período fetal y la determinación de patologías y variaciones
relacionadas con el desarrollo de ésta, serán de utilidad para los clínicos intervinientes en las áreas de ginecología y medicina forense.
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