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Diagnostic advances have made i t possible to use ul trasonograph to assess placentation and
therefore zygosi ty in utero in the case of monochor ionic-monozygotic tw ins. Foetal  behaviour  of
15 monozygotic and 15 unl ike-sexed dizygotic tw in pai rs was studied ser ial ly wi th ul trasounds
from 10 to 22 weeks gestational  age. Each twin, regardless of i ts zygosi ty, showed individual ised
behavioural  styles. One twin was found to be ‘dominant’ in the sense of being more active, but less
reactive, possibly due to the fewer  stimul i  being generated by i ts co-twin. Monozygotic tw ins, as
opposed to dizygotic tw ins, showed greater  simi lar i ties in activi ty and reactivi ty levels, but were
never  behavioural ly identical  and decreased in l ikeness wi th increasing age. Our  data suggest that
so-cal led identical  tw ins are very simi lar, but not behavioural ly identical , from very ear ly in
pregnancy. The unequal ly shared intrauter ine envi ronment contr ibutes to putting each mono-
zygotic tw in on a progressively distinct behavioural  path.

Keywords: monozygotic tw ins, dizygotic tw ins, foetal  behaviour, tw ins’ intra-pai r di fferences,
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Introduction

Since the publ ication of Si r Francis Gal ton’s work,
1

monozygotic (Mz) twins have been studied as a
l iving experiment to try and clari fy the nature/
nurture controversy. A l though several  authors

2–6

have stressed the importance of considering pre-
natal  factors as important variables in twin studies,
only a few retrospective

7–10
studies and one pro-

spective work
11

have taken intra-uterine elements
into account.

Due to the advent of ul trasounds in obstetrics
towards the end of the 1970s, studies of human
foetal  behaviour have begun to emerge from the mist
of anecdotal  or largely unverifiable evidence. Pre-
natal  investigations of foetal  behaviour are general ly
di fficul t to apply to large populations. They also
suffer from other l imi tations, such as the impossi -
bi l i ty of obtaining a three-dimensional  view of the
foetal  body and i ts complete visual isation after the
20th to 22nd week of pregnancy. Nevertheless, fun-
damental  knowledge of behavioural  development in
utero has been accumulated, paving the way for
further methodological ly robust explorations.

12–16

Unti l  fai rly recently, prenatal  determination of
zygosi ty was only possible in the case of opposi te
sex (OS) dizygotic (Dz) twin pregnancies. Dz twins
always have separate placentas and amniotic sacs.

Recent ul trasonograph diagnostic advances have
made i t possible to establ ish monozygosi ty in utero
in those cases where the placentas are mono-
chorionic (MC).

17–20
Mz twins share 100% of thei r

nuclear genes, but can have di fferent types of
placentation according to when the spl i t ini tiating
the twinning phenomenon takes place. The majori ty
of them (70%) share the same placenta and inhabi t
two di fferent amniotic sacs and are hence cal led
monochorionic (MC), di -amniotic (DA),

21,22
This

prenatal  distinction has opened up the possibi l i ty of
comparing the behaviour of Mz and Dz twins in
utero. Nevertheless monochorionici ty, and therefore
monozygosi ty, must always be re-confirmed at
bi rth.

23,24

In the present work we decided to focus on the
early stages of tw in pregnancies subdividing our
sample according to zygosi ty in order to 1) evaluate
di fferences in the behaviour of foetal  tw in pai rs; and
2) compare di fferences and/or simi lari ties in the
behaviour of Mz and Dz twin pai rs.

Subjects and methods

The hospi tal  ethics committee approved this study
and informed consent was obtained from al l  women
taking part.

Fi fteen MC-Mz and 15 OS-Dz twin pai rs were
observed by ul trasound weekly from week 10/11 to
week 13 gestational  age. Subsequent recordings took
place between 15/16, 18/19 and 21/22 weeks. Gesta-
tional  age was calculated from the first day of the last
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menstrual  period and confirmed by ul trasound scan.
Chorionici ty was confirmed at bi rth by a pathologist
in al l  pregnancies. The cohort of Mz-MC twins
comprised 8 male and 7 female pai rs. Overal l
31 males and 29 females were observed.

Mean gestational  age at del ivery was 36.1 weeks
(range = 33–37). A l though some chi ldren (8) had to
have a rather lengthy stay in the intensive care uni t
(range = 15 days–1 month), due to thei r prematuri ty
and to various problems l inked wi th i t, al l  were
found to be wel l  at discharge from hospi tal  and at
6 months fol low-up.

Al l  ul trasound observations were performed using
a 5 MHz probe (Acuson, Mountain View, Ca, USA)
and recorded on videotape. At gestational  ages
11/13, given the possibi l i ty of visual ising both foetal
bodies simul taneously, the observations lasted
30 min each. Subsequently, due to the complex
spatial  distribution of the two foetal  bodies, each
foetus was observed for 30 consecutive mins, after
which the probe was moved to visual ise the other
twin. The use of two di fferent probes and, moreover,

of addi tional  probes proved to be unfeasible as the
probes were found to interfere wi th each other. Care
was taken always to include parts of the co-twin in
the ul trasonic field. On each occasion, ul trasono-
graphic foetal  measurements, evaluation of amniotic
fluid volume, and Doppler blood flow velocimetry
were also obtained. Individual  tw ins were identified
at subsequent observations using a combination of
cri teria, which included foetal  gender, placental  si te,
size, and lateral i ty wi thin the uterine cavi ty.

Foetal  moti l i ty was analysed retrospectively and
independently by two operators through repeated
playbacks of the tapes.

Al l  recordings were submi tted to four types of
analysis:

1) The overal l  activi ty level  of each foetus during
each observation was determined by adding the
duration of al l  spontaneous movements, and
was expressed as a percentage of the observa-
tion time, hiccups and foetal  breathing not
being considered active somatic movements.

Figure1 Simple activi ty plots of Mz pai rs
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2) Reactivi ty levels were calculated by adding the
duration of al l  evoked movements. This sub-
division, however, was only possible from
13 weeks gestational  age, as evoked movements
tend to appear later in dichorionic (DC) preg-
nancies,

25
thus rendering in this respect the

comparison between Mz and Dz twins unfea-
sible at earl ier gestational  ages.

3) Spontaneous and evoked foetal  movement pat-
terns were classified according to de Vries et
al

13
and counted in seconds in order to inves-

tigate the rank order of incidence of the
di fferent movement patterns for each individ-
ual  foetus. This analysis was appl ied from
15 weeks gestational  age, when the motor rep-
ertoi re of the human foetus can be considered
complete.

12

4) Final ly a statistical  analysis of the overal l
spontaneous and evoked activi ty in relation to
time (gestational  age) was made. Individual
spontaneous and evoked activi ty levels were
analysed wi th a l inear regression.

26
The behav-

ioural  patterns of al l  tw ins were thus described
in a simple l inear way. These were then
checked wi th the determination coefficient r

2
.

An r
2

value of 0.8 impl ies that 80% of the
variabi l i ty can be accounted for by a systematic
l inear effect attributable to gestational  age.

26

Resul ts

Inter-pai r di fferences of activi ty level  were found to
be consistent over time. The twin in each pai r who
was relatively more active at one time of observation
continued to be more active during other observa-
tions.Figures1 and 2 show some examples of simple
activi ty plots of Mz and Dz pai rs. Only one pai r of
Mz twins (Pai r 11) deviated from the general  pattern.
Because of a growing disproportion in the volume of
amniotic fluid in the two sacs, the range of motions
of the original ly more active twin was progressively
restricted, so that this tw in became the less active.

Figure2 Simple activi ty plots of Dz pai rs
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The majori ty (16 out of 30 cases) of more active
twins were found to have greater bi rth weights
compared wi th thei r co-twins. This did not apply to
higher reactivi ty levels that were equal ly distributed
amongst l ighter and heavier tw ins (Table1).

Evoked movements showed an opposi te trend
compared wi th activi ty levels. In 10 Mz and 10 Dz
pai rs the more active twin was found to be the less
reactive. Figures3 and 4 show some examples of
simple reactivi ty plots of Mz and Dz pai rs.

A l though simi lari ties in activi ty levels were
greater in Mz than in Dz twin pai rs, activi ty levels
also di ffered significantly between Mz twin pai rs.

The wi thin-pai r di fferences of activi ty levels in Mz
twins increased progressively wi th gestational  age,
whereas sl ight trends in the opposi te di rection were
noted in Dz twin pai rs.

By 13 weeks gestational  age, al l  tw ins save two
reacted wi th el ici ted motions to the physical  contact
provided by spontaneous movements of the other
twin. Wi thin-pai r di fferences of reactive moti l i ty
were more marked in Dz than in Mz twins, but in Mz
twins the wi thin-pai r di fferences of reactivi ty
increased wi th age.

As said before, evoked activi ty starts earl ier in
MC-Mz twins.

25
Spatial  contigui ty and thinner

dividing membrane favour earl ier stimulation. In our
sample evoked activi ty was considered from
15 weeks gestational  age. A previous study had
shown this to be the age when most tw ins, regardless
of thei r chorionici ty, start intra-pai r stimulation.

25

Evoked activi ty displayed a tendency to become
homogeneous between Mz and Dz twins wi th
increasing gestational  age.

Spontaneous activi ty showed a di fferent trend. Up
to 15 weeks gestational  age Mz and Dz twins showed
almost the same trends in activi ty. After this stage
activi ty diminished in both groups, but more notably
in the case of Mz twins. Figure5 summarises the
overal l  activi ty and reactivi ty trends in relation to
gestational  age in Mz and Dz twins.

Final ly the analysis of spontaneous single motor
patterns did not reveal  greater simi lari ties in the
behaviour of Mz twins. From 15 weeks gestational
age Mz and Dz twins merged together at a less
macroscopic level  of investigation showing inter-
twin di fferences which persisted over time. Single
motor patterns analysed fol lowing the classification
of De Vries et al ,

13
di ffered between each pai r at al l

gestational  ages. Figures6 and 7 show some exam-
ples of ‘actograms’ of spontaneous and evoked
activi ty patterns in Mz and Dz twins.

Table 1 Sex r2 (activi ty), r2 (reactivi ty) and bi rth weights of Mz and Dz twins

Mz twins Sex r2 (activi ty) r2 (reactivi ty) Birth wt, g Dz twins Sex r2 (activi ty) r2 (reactivi ty) Birth wt, g

1 Twin a F 0.95 0.495 2.600 1 Twin a M 0.653 0.014 2.550
1 Twin b F 0.95 0.663 1.890 1 Twin b F 0.397 0.3 3.100
2 Twin a M 0.787 0.938 2.350 2 Twin a F 0.959 0.592 1.900
2 Twin b M 0.969 0.192 2.840 2 Twin b M 0.908 0.596 1.850
3 Twin a M 0.856 0.736 2.420 3 Twin a M 0.858 0.672 2.260
3 Twin b M 0.701 0.965 2.230 3 Twin b F 0.82 0.774 2.290
4 Twin a M 0.861 0.938 1.300 4 Twin a F 0.773 0.218 2.340
4 Twin b M 0.754 0.4 2.200 4 Twin b M 0.702 0.376 2.690
5 Twin a M 0.61 0.779 2.450 5 Twin a M 0.777 0.948 2.200
5 Twin b M 0.808 0.192 2.780 5 Twin b F 0.628 0.889 2.500
6 Twin a M 0.721 0.979 2.260 6 Twin a F 0.798 0.876 1.620
6 Twin b M 0.785 0.876 2.010 6 Twin b M 0.425 0.801 1.890
7 Twin a F 0.786 0.563 2.850 7 Twin a M 0.777 0.411 2.760
7 Twin b F 0.892 0 2.340 7 Twin b F 0.826 0.581 2.790
8 Twin a F 0.565 0.988 2.570 8 Twin a F 0.896 0 3.100
8 Twin b F 0.775 0.793 2.500 8 Twin b M 0.863 0.386 2.640
9 Twin a M 0.563 0.59 1.880 9 Twin a M 0.946 0.729 3.200
9 Twin b M 0.88 0.098 2.390 9 Twin b F 0.841 0.738 3.040

10 Twin a F 0.781 0.941 2.400 10 Twin a F 0.917 0.455 2.900
10 Twin b F 0.882 0.3 2.300 10 Twin b M 0.871 0.963 2.330
11 Twin a M 0.288 0.08 2.000 11 Twin a M 0.869 0.763 1.860
11 Twin b M 0.805 0.505 2.560 11 Twin b F 0.815 0.873 2.460
12 Twin a M 0.87 0.69 2.300 12 Twin a F 0.601 0.94 2.900
12 Twin b M 0.815 0.588 1.800 12 Twin b M 0.549 0.932 2.710
13 Twin a F 0.758 0.164 1.480 13 Twin a M 0.874 0.138 2.820
13 Twin b F 0.914 0.216 1.650 13 Twin b F 0.886 0.763 2.900
14 Twin a F 0.815 0.992 1.790 14 Twin a F 0.745 0.009 2.800
14 Twin b F 0.932 0.98 1.940 14 Twin b M 0.401 0.012 1.790
15 Twin a F 0.944 0.992 2.140 15 Twin a F 0.972 0.263 1.855
15 Twin b F 0.976 0.1 2.750 15 Twin b M 0.912 0.084 2.720
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Discussion

Our data would seem to indicate an al ready complex
interplay between genetic and envi ronmental  forces
from the early stages of pregnancy. Active foetal
movements begin around 7.5 weeks gestational
age.

14
By 10 weeks gestational  age, and possibly

before, Mz twins showed di fference and consistency
of spontaneous and reactive behaviour and this
continued over time.

In addi tion our data would seem to indicate that
‘dominance’ of one twin may be present in utero.
Nevertheless dominance should only be considered
to mean that one twin tends to be more active than
i ts co-twin. Activi ty in the foetus, and particularly so
in the first and second trimester, does not mean
wakefulness and therefore i t cannot entai l  al l  the
genuinely social ly complex interchanges which can
only take place in l i fe after bi rth. The case of the Mz
twin which became constrained in i ts movements
due to an intervening scarci ty of amniotic fluid
reminds us that ini tial  trends are not unchanging.

Innumerable variables can always disrupt and
change apparently establ ished incl inations.

The inverse relationship found to exist between
spontaneous and evoked activi ty was probably due
to the fact that the more active twin was stimulated
less often by the less active twin. In addi tion the fact
that simi lar behavioural  patterns were repeated by
the same individual  at di fferent stages also seems to
substantiate the hypothesis that individual  behav-
iour tends to be wel l  di fferentiated from early
gestational  ages.

Al though Mz twins ini tial ly behaved more sim-
i larly than Dz ones, these twins also showed a
tendency to di fferentiate more clearly wi th advanc-
ing gestation. By 22 weeks gestational  age thei r mean
di fferences in activi ty and reactivi ty levels almost
reached the same degree of magni tude as those of Dz
twins.

Furthermore the greater simi lari ties shown in the
activi ty and reactivi ty levels of Mz twins could not
be found when analysing single motor patterns.
Individual  di fferences in these were found to be
present in both Mz and Dz twins. This did not tend

Figure3 Simple reactivi ty plots of Mz pai rs
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to decrease over time, suggesting that each foetus,
regardless of i ts zygosi ty, had i ts own individual
‘style’ of acting and reacting wi thin the broader
range of spontaneous behavioural  patterns as wel l  as
prevalent responses to stimulation.

The fact that both Mz and Dz twins decreased thei r
activi ty wi th advancing gestation was in l ine wi th a
general  decrease in activi ty in the singleton.

27
This

decrease in activi ty is global , but affects especial ly
whole body activi ties such as general  movements

Figure4 Simple reactivi ty plots of Dz pai rs

Figure5 Overal l  trends
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and ‘startles’. However, Mz twins decreased thei r
activi ty more rapidly and sharply. This might possi -
bly be explained by the effects of a more troubled
pregnancy making themselves fel t earl ier in this
group. Suffering foetuses tend to spare thei r energy
by moving less.

28
Intrauterine condi tions are gen-

eral ly far from optimal  in MC-Mz pregnancies and
this could reverbate on the overal l  activi ty of MC-Mz
twin foetuses.

Ideal ly, one would l ike to analyse al l  sub-types of
twin pregnancies and be able to compute whether or
not sharing the same placenta may add to possible
simi lari ties/dissimi lari ties in Mz twins and whether
having the same gender may also increase possible

simi lari ties/dissimi lari ties in Dz twins. We are cur-
rently attempting to gather a sufficiently large range
of these samples, but this wi l l  clearly take a long
time. Furthermore, since the majori ty of Mz twins
are indeed MC, i t may wel l  be that some behavioural
characteristics of Mz twins found in twin studies
could be related to this specific type of placentation.
Usual ly tw in studies are bl ind to the type of
placentation of tw ins.

Our combined resul ts would seem to incidate
intrauterine envi ronmental  factors at play in setting
each single foetus in i ts own behavioural  path
regardless of i ts zygosi ty. The intrauterine envi ron-
ment far from being static is subject to constant

Figure6 Patterns of spontaneous foetal  movements (Mz and Dz pai rs)
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changes
29,30

and can show innumerable individual
variations even wi thin i ts main constant compo-
nents such as the placenta, umbi l ical  cord, and
amniotic fluid.

31,32

This is al l  the more evident in tw in gestations
since the majori ty of tw in foetuses do not share such
macroscopic components as placentas, umbi l ical
cords and amniotic sacs, but even when they do,
thei r placentas are never equal ly shared, thei r
amniotic fluid (save in the case of the very rare
monoamniotic pregnancies) is never equal ly distrib-
uted and thei r umbi l ical  cords, even in the extremely
uncommon occurrence of a joint insertion, never
carry identical  blood flows.

Furthermore, tw ins develop in di fferent locations
wi thin the uterus and receive not only an unequal
share of blood supply, nutrients and other sub-
stances, but also of stimul i . Not only macro but also
internal  as wel l  as external  micro-envi ronmental
condi tions di ffer between them from the start.
Uniqueness and chance characterise thei r intra-
uterine l i fe. Ini tial  di fferences and apparently smal l
asymmetries in the intrauterine sojourn of identical
twins, wi th al l  the cascading effects this entai ls
during a particularly turbulent and sensi tive stage,
may carry great weight

33,34
in founding so-cal led

consti tutional  di fferences and ini tiating behaviour-
al ly divergent paths.

Figure7 Patterns of evoked foetal  movements (Mz and Dz pai rs)
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The frequent weight discrepancy found in twins at
bi rth

35
is perhaps the most macroscopic resul t of

such unequal  and casual  partaking. Though none of
the twins in our sample suffered from i t, Mc twin
pregnancies can be subject to a unique dynamic
unbalance between thei r shared placental  ci rcula-
tions. This leads to the so-cal led foetal -foetal  transfu-
sion syndrome.

36–38
This condi tion can further

increase weight and cardiovascular dissimi lari ties
between twins.

In any case, each twin is an integral  and active part
of the envi ronment of i ts co-twin. A ‘couple effect’

39

seems al ready to be operative in l i fe before bi rth.
Nevertheless this should not be taken to mean that
twins have complex intra-pai r social  communica-
tions, but simply that intra-pai r interactions exist
between twin foetuses and that this component is an
active and distinctive consti tuent of the intra-uterine
envi ronment.
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