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Abstract
Background: The laws of physics govern the functions of human body 
organs. However, the law of physics that controls uterine function during 
pregnancy remains unknown. Spontaneous preterm labor, labor dystocia, 
and post-term pregnancy are significant obstetric complications, and their 
biological mechanisms are poorly understood.  A  failure to understand 
uterine function during pregnancy is a major shortcoming in modern 
healthcare.

Objective: Supporting the hypothesis, Laplace's Law dictates the timing 
of birth, the duration of pregnancy,  and the mode of delivery through 
exponential uterine wall tension and hormonal milieu, as well as their 
light-dark cycle modulation. We will refer to this hypothesis as Hegazy's 
Hypothesis for Gestation (HHG).

Method: A literature search was conducted using Medical Subject 
Headings terms on every topic of the hypothesis in PubMed, in addition to 
manually searching for additional references. The scripts that were found 
were reviewed, examined, and condensed, along with two 40-second 3D 
animations.

Results: The anatomical existence of the isthmus of the cervix 
should be reconsidered, as there has been no convincing evidence to 
support its existence since Aschoff first proposed it in 1905. Uterine 
mechanotransduction may be the primary mechanism and system that 
controls uterine function during pregnancy through exponential uterine 
wall tension (EUWT) and the hormonal milieu. EUWT has anatomical 
and functional components, determinants, modulators, and a physiological 
mechanotransduction effect. EUWT is created and maintained by 
the complex interaction between the gestational sac, uterus, and 
cervix, whose primary function is the maintenance of EUWT. EUWT 
mechanotransduction with progesterone/estrogen modulation induces 
the stretch-dependent inhibitory uterine system (SDIUS). The SDIUS 
is the  primary  system that maintains pregnancy through autonomic 
intrinsic myometrial cell  characteristics  (AIMCC). AIMCC enables the 
uterus to control its function autonomously and intrinsically, due to the 
Myometrial Tension-Contraction Interaction (MTCI) characteristic, where 
high tension induces relaxation and low tension induces contraction. 
EUWT mechanotransduction with progesterone/estrogen modulation also 
induces the stimulatory system by inducing myometrial hyperplasia and 
hypertrophy. Embryologically and evolutionarily, the uterus is composed 
of two uteri. Uterine contractions (stimulatory system) create direct and 
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Background
Old traditional theories 

There are three main hypotheses for the activation of 
the human uterus during labour: functional progesterone 
withdrawal, inflammatory stimulation, and oxytocin receptor 
activation [1]. All these hypotheses have failed to address 
many outstanding questions regarding physiology and 
gestational pathophysiology. Failure to understand properly 
the uterine function during pregnancy is a major shortcoming 
of modern healthcare, and this lack of understanding has 
many possible causes. Importantly, there may be a flaw in 
the current concept of human parturition that acts as a barrier 
to obtaining a better understanding of parturition. We are 
challenging the anatomical and physiological components 
on which the current human parturition hypothesis has been 
based since the 19th century [2]. The isthmus of the cervix 
does not exist embryologically [3,4], anatomically [5], 
histologically [6], or radiologically [7]. 

Introduction
Despite a considerable body of literature gathered from 

the few species that have been studied, the mechanisms 
responsible for the maintenance of pregnancy and initiation 
of parturition have not been fully elucidated [8]. There are 
two views regarding the initiation of labor. Labor is the 
result of the physiological release from an inhibitory effect of 
pregnancy on the myometrium, rather than an active process 
mediated by contractile agonists [9-11]. The transition from a 
state of uterine quiescence to the onset of contractions is the 
result of an increased level of contractile stimulators and a loss 
of mechanisms that promote relaxation [12-14]. However, 
the contractile stimulators and relaxation mechanisms are 
not well defined [12,13]. Failure to understand uterine 
function during pregnancy is a major shortcoming of modern 
healthcare systems [15]. Spontaneous preterm birth (sPTB), 
the leading global cause of neonatal death, affects 13 million 
babies annually [16], and countless efforts have failed to 
establish a single effective treatment for preterm labor [17]. 
Dystocia is associated with poor progress during labor and is 
a major cause of primary caesarean deliveries [18]. However, 
the biological mechanisms that lead to poor progress during 
labor are poorly understood. Inaccurate dating is the most 
common cause of prolonged pregnancy [19]. When a post-
term pregnancy truly exists, its cause is mostly unknown. The 
current physiology and gestational pathophysiology do not 
seem far from being primitive. This study aimed to identify 
the systems that control uterine function during pregnancy, 
which may control the timing of birth and, subsequently, the 
duration of pregnancy and mode of delivery.

Method
A search of the literature was conducted using Medical 

indirect uterine-cervical interactions (DIDUCI). DIDUCI 
transforms the cervix into the lower uterine segment 
(LUS), through the TYVU pattern formation. Light-
dark cycle modulation of the interactive inhibitory and 
stimulatory systems divides gestation into five clinical 
phases: growth, maturation, transition, parturition, and 
involution. Maturation phase (32-40 weeks): Nocturnally, 
oxytocin and melatonin modulate the stimulatory system. 
Additionally, cortisol modulates the inhibitory system, 
causing a transient nocturnal pause. The nocturnal 
synchronization and synergy of the two systems make the 
uterus an active organ at night, transforming the cervix 
into the LUS. This ultimately leads to nocturnal EUWT 
and SDUIS failure, dictating both pregnancy intervals 
and circadian timers. The successful transformation 
of the cervix into the LUS during late pregnancy is the 
cornerstone of pregnancy termination and achieving 
successful labor. The failure of this mechanism alone 
causes post-term pregnancy; if combined with the failure 
of the inhibitory system, it results in labor dystocia. A 
malfunction in the inhibitory system causes preterm labor. 

Conclusions: Pregnancy is in a state of balance between 
the opposing and interactive inhibitory and stimulatory 
systems, secondary to EUWT mechano-transduction 
and progesterone/estrogen modulation. The autonomous 
creation, maintenance, and eventual termination of EUWT, 
secondary to light-dark cycle modulation, make gestation 
an autonomic cycle with constant intervals and circadian 
timers, where EUWT  malfunctions  alter  birth timing, 
pregnancy duration, and mode of delivery. Laplace's law 
measures EUWT which may be the law of physics that 
govern uterine function during pregnancy. 
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Subject Headings terms on every topic of the hypothesis in 
PubMed and the MEDLINE database, in addition to manually 
searching for extra references. The scripts that were found 
were reviewed, examined, combined, and condensed, along 
with two 40-second 3D animations.

Laplace’s law and Uterine 
Mechanotransduction Hypothesis for Gestation 
(UMTHG)
The thesis for Laplace’s law and UMTHG

Sokolowski et al. [20] Human uterine wall  
tension trajectories and the onset of parturition. PLoS 
One. 2010;5(6):e11037 [20]. This  study tested the  
hypothesis that high uterine wall tension might be a 
causal factor for  preterm  labor in singleton or twin 
pregnancies.  It  characterizes  uterine wall tension (UWT) 
using ultrasound from the second trimester of pregnancy until 
parturition and compares preterm, term, and twin pregnancies. 
A total of 320 pregnant women were followed from the 
first antenatal visit to delivery during the period 2000-2004 
at John Hunter Hospital, NSW, Australia.  Uterine  wall 
thickness, length, anterior-posterior diameter, and transverse 
diameter were determined by serial ultrasounds. The patients 
were divided into three groups: women with singleton 
pregnancies and spontaneous labor onset, either preterm 
or term, and women with twin pregnancies. Intrauterine 
pressure (IUP) results from previous studies were combined 
with our data to form trajectories for uterine wall thickness, 
volume, and tension for each woman using the prolate 
ellipsoid method, and the groups were compared at 20-, 25-, 
and 30-week gestation. UWT followed an exponential curve, 
with results increasing throughout pregnancy and that late 
pre-term labor (PTL) is associated with a lower UWT. For 
those delivering preterm, uterine wall thickness increased by  
P < 0.05 compared with term. For twin pregnancies, 
intrauterine volume was increased compared to singletons  
(P < 0.001), but wall thickness was not.

EUWT Components
Uterine Wall Tension (UWT) Determinants
Mechano-transduction is the process by which cells sense 
physical forces and translate them into biochemical and 
biological responses [21]. The signaling molecules involved 
in the mechanotransduction pathways in the human 
myometrium have not been extensively studied [22]. The 
smooth muscle of the uterus presents a unique physiological 
mechano-transduction mechanism during pregnancy because 
the tissues remodel in response to stretching imposed by 
the growing foetus, however, the underlying molecular and 
functional adaptations remain unclear [23]. We hypothesized 
that uterine mechano-transduction may be the main 
mechanism and system that controls uterine function during 

pregnancy through exponential uterine wall tension (EUWT), 
in addition to hormonal milieu. EUWT has anatomical, and 
functional components, and determinants, modulators, and 
has physiologic mechano-transduction effect. EUWT is 
created and maintained by the complex interaction between 
the gestational sac, uterus, and cervix. Uterine stretching is 
measured as the amount of tension exerted on the wall of the 
uterus. It is used interchangeably with myometrial tension 
and uterine wall tension (UWT) [20]. UWT is determined by 
uterine wall thickness, intrauterine volume, and intrauterine 
pressure (IUP) [24], and is measured using the Laplace 
equation, which applies only to a closed pressure system. 
The accuracy of measurements in such a system is regulated 
by Pascal’s law, which requires that the IUP be distributed 
equally within the amniotic cavity [25]. Thus, Laplace’s 
equation and Pascal’s law are not applicable after amniotic 
membrane rupture [26]. UWT follows an exponential curve, 
which increases throughout pregnancy, and late PTL is 
associated with a lower UWT [20].

UWT Modulators
A. Cervix

Cervical length is inversely related to the rate of preterm 
delivery in both patients presenting with symptoms of 
preterm labor and in asymptomatic pregnant women [27-
29]. In engineering terms, an impaired cervix relates most 
specifically to impaired mechanical properties of the cervical 
stroma [30]. The strongest evidence for a primary role for 
impaired cervical mechanical properties is that cervical 
cerclage appears to benefit a select group of patients [31-33]. 
“The mechanical role of the cervix in pregnancy” This is the 
title for a study published by Myers et al. [34] in J Biomech 
2015, but they didn’t explicitly define what is the mechanical 
role of the cervix in pregnancy. It is accepted that the structural 
integrity of the cervix is a key feature of normal pregnancy 
and abnormalities in the cervical structure are associated 
with spontaneous preterm birth [27,35], but the extent and 
the mechanism of this mechanical role have not been fully 
explored and understood. There is overwhelming evidence 
to say that pregnancy is maintained by the cervix through 
a mechanical mechanism where its malfunction terminates 
the pregnancy, but the exact nature of this mechanical role 
is unknown. Low UWT is associated with PTL in singleton 
pregnancies [20] and this leads to the question of whether 
there is a link between PTL due to a malfunctioning cervix and 
PTL due to low UWT [20]. We hypothesized that the cervix's 
mechanical and primary function during pregnancy is to act 
as a biological valve to maintain intrauterine pressure (IUP) 
and EUWT. (Figure 1).

B. Fetal Growth: IUP, and Uterine Volume.
The uterine volume in the twin group was reportedly larger 
than that in the singleton fetal group [20]. Foetal growth 
modulates UWT through IUP and uterine volume [36]. 
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C. Progesterone/Estrogen (P/E) ratio: IUP and  
           UWT

Estrogen induces the accumulation of mucopolysa 
ccharidesthat bind to water-answerable proteins and 
collagen filaments in ground substances [37]. Therefore, 
the accumulation of collagen and mucopolysaccharides, 
combined with increased water uptake after estrogen 
treatment, improves the plasticity of the uterine wall [38]. 

During late gestation in rats, estrogen ensures sufficient 
plasticity of the uterus to increase the conceptus size [38]. 
Unlike oestrogen, progesterone blocks mucopolysaccharide 
synthesis [37]. The low plasticity of the uterine wall observed 
in ovariectomized progesterone-treated rats is partly due 
to the action of progesterone. Estrogen secreted from the 
ovaries during the second half of gestation prevents IUP by 
improving the plasticity of the uterus [39]. Therefore, the 
progesterone/estrogen (P/E) ratio modulates IUP and UWT 
via uterine wall plasticity. The high P/E ratio decreases 
plasticity and increases IUP and UWT, whereas a low P/E 
ratio increases plasticity and decreases IUP and UWT. 

D. P/E Ratio and Uterine Volume.
Progesterone, estrogen [40], and uterine wall stretching 

[41] induce myometrial hyperplasia and hypertrophy, which 
causes an increase in uterine volume. Uterine wall tension 
modulators include the cervix, fetal growth, and P/E ratio. 

E. Summary of UWT Modulators 

UWT determinants include uterine volume, IUP, and 
uterine wall thickness, whereas UWT modulators include 
fetal growth, P/E ratio, and cervix. Each factor modulates 
UWT through dual mechanisms, IUP, and uterine volume 
modulation. (Figure 2) Meanwhile, the thickness of the 
uterine wall did not change during pregnancy [20]. 

  

Figure 1: The Function of the Cervix.

  
Figure 2: Uterine Wall Tension Determents and Modulators.

Anatomical and Physiological EUWT Components:
•	 The fetus/fetuses
•	 Placenta
•	 P/E ratio
•	 Amniotic Fluid
•	 Fetal Membranes
•	 The Cervix
•	 Fetal fibronectin.
These components are responsible for the development of 
the physiological function of EUWT, and malfunction of any 
component may cause EUWT failure.

Autonomic intrinsic myometrial cell character 
(AIMCC)
How does the uterus control its contractions during pregnancy 
and labor?

•	 Uterine innervation during pregnancy:

The uterus comprises myogenic smooth muscle, which 
contracts without neuronal or hormonal inputs [42]. In contrast 
to vascular smooth muscles, myometrial cells in smooth 
muscles are sparsely innervated and become less innervated 
during pregnancy [43,44]. The uterus essentially becomes 
denervated during gestation [45]; therefore, it is unlikely 
that coordinated nervous regulation of the myometrium is 
centrally orchestrated [46].

•	 The autonomous control of myometrial cells:
In vitro studies have shown that quiescent myometrium 

from term uteri, and when placed in an isotonic solution, 
contracts vigorously and spontaneously without added stimuli 
[9]. Hurd et al. [47] determined whether myometrial strip 
shortening alters spontaneous contractility in myometrial 
strips obtained from pregnant women at term. They found that 
contractility increased by 29% and 34% in strips shortened 
by 4% and 6%, respectively, according to a mechanism that 
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involves prostaglandins [47]. In myometrium strips obtained 
from women at term, stretching increases the inhibitory 
prostaglandin level, and shortening increases the stimulatory 
prostaglandin level, which suggests that prostacyclin synthase 
and prostaglandin F2 alpha synthase might be activated 
differentially in a single-cell type [48]. The regulation of the 
uterine contractile mechanism depends largely on humoral 
factors, intrinsic factors within the myometrial cells, or both 
[10]. What are the intrinsic factors within the myometrial 
cells that control their function?

•	 Myometrial tension/contraction interaction (MTCI) 
hypothesis: 

The current understanding of the myometrial contraction 
cycle is called the contraction-tension relationship. The 
change in uterine tension occurs secondary to contraction 
and relaxation. Uterine contraction increases myometrial 
tension, while relaxation decreases myometrial tension. 
We have another proposal and explanation for myometrial 
contraction tension relationship. Myometrial cells 
autonomously and intrinsically contract and relax, secondary 
to myometrial tension changes, wherein high tension 
induces relaxation and low tension induces contraction 
[20,42,47,48]. The myometrial cells inherently contract 
[42], and we hypothesize that it intrinsically relaxes through 
the myometrial tension contraction interaction characteristic 
(MTCI). We hypothesize that myometrial cells are like a 
biological spring where they inherently contract and relax 
secondary to tension changes. 

MTCI may be the link among all the aforementioned 
evidence-based studies. MTCI may be the autonomic intrinsic 
myometrial cell character (AIMCC) that enables the uterus to 
control its function autonomically and intrinsically secondary 
to changes in tension, where high tension induces relaxation 
and low tension induces contraction. (Figure 3) (AIMCC = 
IMCC)

Fail-Safe Stretch-dependent Inhibitory Uterine 
System (SDIUS) 

Prostaglandin I2 (PGI2) is a potent, smooth muscle 
relaxant whose concentration increases [49] in maternal 
plasma [50] in urine [51] and myometrium [52] as 
pregnancy progresses until labour begins. Myometrial 
stretching increases PGI2 production [53]. In a rat model, 
myometrium stretched by the conceptus exhibited increased 
PGI2 production [54]. Additionally, myometrial stretching 
increases the production of prostaglandin E2 (PGE2) and 
PGI2 metabolites and decreases the production of PGF2-
alpha metabolites [53]. Because PGI2 is a potent relaxant 
of the uterine myometrium [55], increased PGI2 production 
may help to maintain uterine quiescence. Stretch-related 
induction of PGI2 production could be an essential protective 
mechanism to decrease the risk of premature labour [47]. 
This “stretched” state is similar to the “resting” length of 
the myometrium at term before labour, which is always 
tension caused by the intrauterine contents [48]. Increased 
stretch-dependent K+ channels stabilize membrane potential 
and control contraction during pregnancy; downregulation 
of these channels induces the onset of delivery [56]. We 
hypothesized that there is a stretch-dependent (mechano-
transduction) inhibitory mechanism; which is the main 
mechanism that maintains pregnancy through AIMCC. This 
“stretched” state approximates the “resting” length of the 
myometrium at term before labor, which is constantly under 
tension as a result of the intrauterine contents [48]. According 
to UMTHG, malfunction of any component anatomical or 
physiological components of EUWT will cause dysfunction 
of the stretch-dependent inhibitory uterine system, resulting 
in termination of pregnancy.

Direct uterine inhibitory system: Progesterone, 
corticotropin-releasing hormone [57], and nitric oxide [58] 
are direct myometrial relaxants. Studies in animals [59-62] 
and humans [59,61-63] have shown that nitric oxide may 
be an important mediator of uterine quiescence and cervical 
competence before labor.

Stimulatory System
1.  Changes in the lower uterine pole:
•  Radiological Changes of the Cervix.

Studies on parturition in animals suggest that preparation 
for labor is evident at relatively early stages of gestation 
[40,64]. Ultrasound has demonstrated that the cervical 
function is “continuous” rather than binary [65]. The cervix 
shortens in the third trimester [66-68], The functional 
cervical internal os moves down, and the cervical funneling 
depth opens directly into the LUS [69]. The cervical gland 
area detection rate significantly decreased after 32 weeks 
of gestation, and the cervical length and cervical gland area Figure 3: IMCC.
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detection rate changed simultaneously [70]. The endocervical 
gland's progressive absence is associated with progressive 
shortening of the cervix in the third trimester [70]. Magnetic 
resonance imagining (MRI) study was conducted to compare 
cervical anatomy in the second and third trimesters. The third 
trimester is associated with significant descent of the amniotic 
sac. Descent of the amniotic sac is associated with modified 
anatomy of the uterocervical junction. Taken together, these 
3D changes are associated with a shorter cervix in the third 
trimester [71].

• Changes in the FMs.

Separation and decreased adherence between the amnion 
and choriodecidua occur as gestation progresses, and term 
human FMs have a weak zone overlying the lower uterine 
pole and cervix before the onset of labor [72].
• Changes in Cervical Collagen.

Biochemical changes associated with cervical softening 
include a decrease in collagen concentration by nearly 50%, 
an increase in collagen solubility, a decrease in decorin 
concentration, and an increase in hydration compared with 
the respective values in non-pregnant women [73]. Term 
pregnancy is associated with a 40–50% decrease in the decorin 
concentration, which is postulated to decrease the stability of 
the collagen network [73]. Where does the cervical collagen 
go? Where does cervical collagen disappear?
• Clinical Changes in the Cervix.

Cervical remodeling can be loosely classified into four 
distinct but overlapping phases: softening, ripening, dilation, 
and postpartum repair [74]. Cervical effacement begins at 
approximately 32 weeks for term birth and as early as 16–24 
weeks for preterm birth [75].
• Radiological features of the Cervix deformation.

Sonographic studies of the natural history of cervical 
deformation associated with insufficiency revealed that the 
cervix deforms in a ‘TYVU’ pattern [76,77] a closed cervix 
corresponds to the ‘T,’ progressive funneling corresponds 
to ‘Y’ and ‘V,’ and end-stage funneling corresponds to 
‘U.’ Zilianti et al. [78] described the appearance of cervical 
effacement as observed by transvaginal sonography as a 
progression through the letters T, Y, V, and U. Their concept 
is depicted in modified form by Iams [75], where a closed 
cervix corresponds to ‘T,’ progressive funneling corresponds 
to ‘Y’ and ‘V,’ and end-stage funneling corresponds to ‘U.’ 
•  Viscoelastic Characteristics of the Cervix and FMs.

Foetal membranes (FMs) and the cervix have viscoelastic 
characteristics [72]. The viscoelastic material has an 
elastic component (collagen) and a viscous macromolecule 
(proteoglycans) [79]. The viscoelastic properties include 
creep (a time increase in deformation with a constant load), 
stress relaxation, and non-recoverable deformation [72].

Transformation of the cervix into the LUS through 
the TYVU pattern formation might be the link to the 
aforementioned evidence-based studies. This hypothesis dates 
back to as early as the 1880s, by Roederer and Mauriceau 
who stated that the LUS was derived from the cervix [2]. If 
this view is accurate and the LUS is derived from the cervix, 
it could be argued that the cervical functions will never be 
discovered as long as the isthmus hypothesis persists. 

• Unanswered Questions:
A. 	What is the uterine force that transforms the cervix into 

the LUS?
B. 	What is the mechanism that transforms the caudal cervix 

into the cranial LUS?
C. 	Why does the cervix lose strength and deform in the 

radiological YVU pattern?
D. 	When does the cervix transform into the LUS?
E. 	What is the effect of cervical transformation into the LUS?

2. 	 Development of the stimulatory system

The two early distinct phases of myometrial growth from 
early to late pregnancy are myocyte hyperplasia in the first 
half of gestation (“proliferative” phase) and myometrial 
hypertrophy associated with an increase in the smooth muscle 
cell size (“synthetic” phase) in the second half of gestation 
[40]. This indirectly indicates that mechanical stretching 
exerted by the growing fetus may be one of the main signals 
that cause the uterine myocytes to shift from the proliferative 
phase to the synthetic phase of myometrial growth [41], when 
EUWT is ascending to the peak [20]. The third phase is the 
acquisition of uterine contractions in the third trimester [80].

3. 	 Complex Uterine System
Embryologically and evolutionarily, the human uterus 

is composed of two separate organs: the paramesonephric 
endometrial–subendometrial unit and the outer nonparame 
sonephric myometrium [81-84]. Histologically, it consists of 
three layers arranged in different directions, with a specific 
and different outcome caused by the contraction of each layer. 
The cervix comprises three collagen layers [7]. Functionally, 
the uterus is composed of two different organs, the corpus and 
the cervix, wherein one contracts and the other dilates [85].

4. 	 Cervical-uterine Interaction
The implication for spontaneous labor is that two 

systems, one controlling cervical compliance and the other 
myometrial activity, must be coordinated for successful, 
low-risk labor; one system functioning without the other 
will not result in progressive labor [85]. The relationship 
between uterine contraction, cervical dilatation, and head 
descent is mathematical [86,87]. How are these systems 
coordinated? The physical process of cervical deformation 
and its relationship to cervical-uterine interactions are poorly 
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understood [88]. What is lacking is an understanding of 
the physical process of cervical deformation as it relates to 
the interaction of the cervix and the uterus [88]. Objective 
investigation of the connection between the uterus and the 
cervix is a promising area of study [89].

5.  Uterine-cervical Interaction and the YVU pattern  
     formation

The cervix deforms and effaces in the TYVU pattern in 
preterm labor [76] or full-term labor as well [78]. This The 
cervix loses strength through the TYVU pattern formation 
either in preterm labor or full-term labor to be transformed into 
the LUS. This means the central cervical collagen is stretched 
upward and disappears progressively from the cervix's center, 
and it reverses instantly back after fetal delivery. How and 
why the cervix deforms in TYVU pattern formation? 

The embryologically and evolutionarily complex uterine 
system:

•	 Two uteri with three myometrial uterine layers are 
arranged in different directions, and their contractions 
create forces in various directions.

•	 The uterus is fixed through the cervix to the pelvic bone 
by strong uterine and cervical ligaments.

•	 The cervix consists of three collagen layers, where the 
most central layer is longitudinal and less fixed by the 
uterine and cervical ligaments.

•	 The cervix is laterally fixed by strong ligaments at a 
right angle relative to the direction of the upward uterine 
traction force.

•	 The fetus indirectly connects between the uterus and the 
cervix.

Functionally:

a)  For the uterus to push the fetal resistance, the contraction 
of the outer uterine layer (the outer uterus) fixes the whole 
uterus into the pelvic bone through strong cervical and uterine 
ligaments. causing an initial cervical stretch in between 
the uterus and strong uterine ligaments, resulting in direct 
uterine-cervical interaction.

b)  Contractions of the evolutionary layer will decrease all the 
diameters of the uterine cavity, creating two opposite forces:

• 	The first force pushes the fetus through the pelvic inlet and 
then the cervix, resulting in cervical deformation through 
indirect uterine-cervical interaction.

• 	The second force simultaneously stretches the inner 
cervical collagen layer upward, causing also direct uterine-
cervical interaction.

c) The inner collagen layer, which is less fixed, will be the 
most stressed and upward-stretched layer.

d)	 The outcome of the contractions of the complex uterine 	
system is direct and indirect cervical interaction (DIDUCI) 
resulting in the cervical YVU pattern formation. Animation 
1 and Figure 4.

Figure 4: DIDUCI and TYVU pattern formation

Animation 1:

Animation for the hypothesis that the cervix transforms 
into the LUS through the TYVU pattern and inverted U 
pattern formations due to direct and indirect uterine cervical 
interactions. 

https://www.youtube.com/watch?v=_VlaC76kbv8&t=159s

This complex DIDUCI interaction deforms the cervix 
into a TYVU pattern formation, where the more central the 
structure is to the cervical canal, the earlier and more severe 
the response to the stress force will be. The cervical glands 
(more central) progressively disappeared 2 weeks before 
cervical shortening [70]. Anatomically, the cervix lies below 
the pelvic inlet, and we would argue that the success and 
efficiency of DIDUCI in deforming the cervix depends on 
the easy crossing of the fetal head through the pelvic inlet, 
where any cephalo-pelvic disproportion will cause DIDUCI 
malfunction. In summary, the outer part of the cervix is well 
fixed and less affected, while the more central area, which is 
less fixed, is deformed by a stronger force, the evolutionary 
layer. Unequal fixation of the cervix with unequal force leads 
to an unequal response, resulting in cervical YVU pattern 
formation. 

Studies are needed to understand how these uterine 
layers coordinate together to deform the cervix through the 
TYVU pattern formation, which would help obstetricians 
and scientists to treat the malfunction of the inhibitory and 
stimulatory systems. 

6.   Cervical length at 37 weeks versus 30 weeks
Andersen et al. [90] reported the cervical length to be 40–

44 mm in the 30th gestational week. The cervix shortens in the 
third trimester; Ramanathan et al. [68] measured the cervical 
length at 37 weeks and classified individuals into five groups 
according to the cervical lengths of 1-10, 10-20, 21-30, 31-40 
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and 41-50 mm. Based on studies matching the cervical length 
in pregnancy with the criteria of cervical funneling [69,75,91] 
and the cervical length observed in the Ramanathan et al. 
study groups, and according to UMTHG, we would argue the 
following:

•	 The onset of the transformation of the cervix into the LUS 
starts from 30-32 weeks.

•	 Cervical shortening in the third trimester is due to its 
transformation into the LUS.

•	 The variation in cervical length at week 37 of gestation in 
Ramanathan’s groups indicates that:

a) Each group shows a different degree of transformation into 
the LUS.

b) Each group matches a different TYVU pattern formation.

c) The difference in cervical length at 37 weeks' gestation 
compared to 30 weeks is related to the efficiency of the system 
that transforms the cervix into the LUS. This varies from full 
success in the group of patients with a cervical length of 1-10 
mm to complete failure in the group of 41-50 mm.

d) Failure of EUWT is imminent in the group of patients with 
1-10 mm cervical length.

• 	The cervix contributes to the uterine volume when it 
transforms into the LUS, in addition to maintaining IUP.

• 	The urinary bladder has no direct anatomical relationship 
to the cervix because the cervix transforms into the LUS 
and reverts instantly after delivery.

There is overwhelming evidence that the cervix deforms 
in an explicit geometric deformation through TYVU 
pattern formation. We would argue this is the mechanism 
of transformation of the cervix into the LUS, secondary to 
DIDUCI, and it is a prerequisite for successful termination of 
pregnancy and initiation of labor.

The Interactive Forces, Mechanisms, Systems, 
and Organs of Pregnancy
In summary, there is evidence that pregnancy is a state of 
balance between opposing and interactive forces, mechanisms, 
systems, and organs secondary to EUWT mechano-
transduction and progesterone/estrogen modulation:

•	 Opposing Forces: The force from the natural gestational 
sac and fetal growth which creates and maintains EUWT 
against the force from uterine contractions.

•	 Opposing Mechanisms: Myometrial stretching due 
to EUWT against myometrial shortening from uterine 
contractions.

•	 Opposing Systems: The stretch-dependent inhibitory 
system secondary to EUWT maintains pregnancy, and the 

stimulatory system weakens the cervix through the YVU 
pattern formation, leading to EUWT failure.

•	 One Origin: EUWT mechano-transduction and 
progesterone/estrogen stimulation directly induce the 
stretch-dependent inhibitory system and indirectly induce 
the stimulatory system by causing myometrial hyperplasia 
and hypertrophy.

•	 Bi-directional interactive uterine cervical modulation: 
biomechanical against Biophysical:

a)	 A biomechanical system (DIDUCI) consisting of 
the uterine corpus and the GS opposes a biophysical 
system (EWUT) led by the GS and the cervix.

b)	 The cervix inhibits uterine contractions by 
maintaining EUWT, while uterine contractions 
weaken the cervix and transform it into a birth canal 
through YVU pattern formation. (Figure 5)

 
Figure 5: The interactive uterine forces, mechanisms, and systems 
of pregnancy.

Pregnancy Phases or Phases of Uterine Activity
There is a significant difference between the current 

hypothesis and our hypothesis for the pregnancy phase 
or phases of uterine activity regarding the components, 
mechanism, and outcomes.

• 	 Current hypothesis

To consider how the uterine activity is regulated 
during the latter part of pregnancy and labor, four distinct 
physiologic phases are described [92]. This concept was 
also adopted by William’s obstetrics regarding uterine 
activity during pregnancy. The regulation of uterine activity 
during pregnancy and labor can be divided into four distinct 
physiologic phases, which include the following: phase 1, 
uterine quiescence, and cervical competence. Phase 2, uterine 
activation and cervical ripening, phase 3, uterine stimulation, 
and phase 4, involution [93,94]. 
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• 	 UMTHG

The clock that measures the duration of pregnancy 
consists of two interacting timers: an interval timer 
measuring the overall length of gestation and a circadian 
timer that defines when a 24-hour cycle birth occurs [95]. 
The timing of birth dictates both pregnancy intervals and 
circadian timers. The pregnancy interval timer is independent 
of the suprachiasmatic nucleus, since animals with lesioned 
suprachiasmatic nuclei deliver at an appropriate gestation 
duration on average [96]. However, the circadian timing of 
birth depends on the hypothalamic suprachiasmatic nucleus, 
as demonstrated by lesion studies in rodents [97]. Although 
the onset of spontaneous human parturition preferentially 
occurs during the nighttime and early morning hours, no 
convincing physiological explanation has been proposed for 
this pattern [98]. Maintaining appropriate circadian phases 
requires entraining cues (zeitgebers) that are likely to be 
neural, endocrine, metabolic, or a combination thereof. For 
many peripheral clocks, the neuroendocrine output cues of 
melatonin and glucocorticoids play vital roles [99]. Indeed, 
these two hormones significantly affect the endogenous 
circadian clock in various peripheral tissues [100-102]. We 
propose that light-dark cycle modulation of the inhibitory 
and stimulatory systems divides gestation into five clinical 
phases: growth, maturation, transition, parturition, and 
involution. Animation 2 Figure 6.

causes maternal cortisol to modulate foetal endocrinology. 
There is an inverse relationship between maternal cortisol 
and estriol levels at 30–31 and 34–35 weeks, which is 
consistent with the maternal effect observed on fetal adrenal 
function [106]. A decrease in maternal cortisol levels at night 
results in a surge in estradiol secretion [106], decreasing 
the P/E ratio. (Figure 7) The decreased P/E ratio increases 
uterine wall plasticity [38], which decreases IUP and EUWT, 
and this temporarily releases the uterus from the inhibitory 
effect of the stretch-dependent inhibitory system. Therefore, 
we would argue that the inhibitory system temporarily wears 
off nocturnally in the third trimester, secondary to nocturnal 
cortisol modulation. Also, this progesterone: estrogen ratio 
switch leads to uterine prostaglandin production and labor 
[107]. Cortisol modulates the inhibitory system, causing a 
transient nocturnal pause. 

Figure 6: The Phases of Pregnancy.

The clinical phases of pregnancy

A.  Growth Phase
The growth phase is from conception until 30 weeks, 

during which the inhibitory system is dominant, and the foetus 
grows [103]. UWT increases [20], the uterus hypertrophies 
and strengthens [40], and the cervix is competent, with no 
change in its length [90] and poorly coordinated contractures 
or Braxton–Hicks contractions [104].

B.  Maturation Phase and The Timing of Birth
1. Transient Nocturnal Pause of the Inhibitory System: 

The timing of birth controls both the pregnancy interval 
and circadian timers. During the later stages of human 
pregnancy (approximately 34–35 weeks), the placental barrier 
to maternal cortisol weakens, at least partially [105], which 

  

Figure 7: Light-cycle Modulation of Uterine Wall (UW) Plasticity 
and Intra-uterine Pressure through P/E Ratio Modulation. 

2. Nocturnal Activation of the Stimulatory System
Continuous monitoring of normal uterine contractile 

activity during late-term pregnancy in humans has shown an 
increased frequency between 2030 and 0200 h [108]. During 
the third trimester, the uterus becomes a biomechanically 
active organ [80] because of the modulation of melatonin 
[109] and oxytocin [110]. 

3. Nocturnal Synchronization of the Two Systems 
Oxytocin and melatonin modulate the stimulatory system, 

while cortisol modulates the inhibitory system. (Figure 8) 
Nocturnal synchronization and synergy of the two systems 
occur. The uterus is biomechanically active at night and in the 
early morning [80,108]. The nocturnal elevation of maternal 
plasma oxytocin and estradiol concentrations correlate with 
circadian uterine activity and the suppression of estrogen 
production in these animals prevents an increase in nocturnal 
uterine activity [111]. In Rhesus monkeys and baboons, 
parturition can last several days. Synchronized uterine 
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contractions occur each night and disappear during the day 
until delivery [112,113]. Oxytocin and melatonin modulate 
the stimulatory system. Additionally, cortisol modulates the 
inhibitory system, causing a transient nocturnal pause. The 
synchronization and synergy of the two systems make the 
uterus an active organ at night. Figure 8.

b)	 The group of patients with cervical length 41–50 mm at 
37 weeks is equal to the T pattern, and 0% of patients 
delivered at 40 weeks, which represents the complete 
malfunction of the mechanism that transforms the cervix 
into the LUS.

So, here is a strong relationship between the cervical length at 
full term and the onset of labor.

Eventually, by the end of the maturation phase, the group 
of patients in whom the cervix completely loses its strength 
signals EUWT failure nocturnally and initiates parturition. 
So, there is a strong relation between a complete loss of 
cervical strength, EUWT failure, and the onset of labor. In 
conclusion, oxytocin and melatonin modulate the stimulatory 
system. Additionally, cortisol modulates the inhibitory system, 
causing a transient nocturnal pause. The synchronization and 
synergy of the two systems make the uterus an active organ 
at night, transforming the cervix into the LUS, resulting in 
nocturnal EUWT failure dictating both pregnancy intervals 
and circadian timers.

5. Preterm labor is also Circadian
Preterm birth most commonly begins between midnight 

and 0600 hours [114]. The periodicity of the onset of birth in 
multiple pregnancies demonstrates a rhythm similar to that 
of singleton pregnancies, where  labor  most commonly 
begins between midnight and 0800 hours [115]. In this 
hypothesis, EUWT with light-dark cycle modulation is the 
mechanism of pregnancy maintenance and termination, with 
no differentiation between full-term or preterm pregnancy or 
labor. 

6. Timing of Birth in Other Species 

The timing of birth in other species, such as sheep and 
mice, is predictable, and underlying regulatory signals have 
been defined [116]. In sheep, Liggins (1974) [117] showed 
that parturition is initiated by increased activity of the fetal 
hypothalamic-pituitary-adrenal axis to produce a surge of 
cortisol that decreases progesterone production by the placenta, 
which initiates parturition. In mice, parturition is initiated 
after the upregulation of endometrial cyclooxygenase, which 
PTGS1 encodes and subsequently generates prostaglandin 
F2α (PGF2α) [118-120]. PGF2α from the endometrium acts 
on the corpus luteum of the murine ovary to induce luteolysis, 
decrease serum progesterone, and induce contractile proteins 
in the uterine myometrium. Parturition lasts for several 
days in rhesus monkeys and baboons. Synchronized uterine 
contractions occur each night and disappear during the day 
until delivery [112-113].

While in humans:

•	 There are three main hypotheses for the activation of 
the human uterus during labor: functional progesterone 
withdrawal, inflammatory stimulation, and oxytocin 
receptor activation [1].

 

Figure 8: Nocturnal Synchronization and Synergism of Inhibitory 
and Stimulatory Systems Secondary to Light-Dark Cycle 
Modulation. 

4. Effect of Nocturnal Synchronization of the Two 
Systems

In the 30th week of gestation Andersen et al. reported 
a cervical length of 40–44 mm [90], whereas Ramanathan  
et al. reported the cervical length at 37 weeks [68]. We noticed 
that the cervix was progressively shortened during the third 
trimester. Based on studies matching the cervical length in 
pregnancy with the criteria of cervical funnelling [69,75,91], 
and the cervical length observed in the study by Ramanathan 
et al. [68] group with a cervical length of 1–10 mm, according 
to our hypothesis, represents: 

•	 The cervical length at full term.
•	 The cervix loses its strength completely. 
•	 The cervix is fully effaced.
•	 Impending EUWT failure.
•	 The cervix keeps its strength to the last fibers, up to 1 mm.
•	 A cervical length of 1-10 mm is equal to that of the U 

pattern in the TYVU pattern.
•	 The last deformed cervical fiber is the lowest, that is, the 

U pattern. 
•	 The U pattern-initiated labor as 100% of the patients 

delivered within 2 weeks.
•	 According to our hypothesis:
a)	 The full success of the mechanism that transforms the 

cervix into the LUS.
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•	 Liggins et al. showed that the specific pathways operating 
in sheep do not operate in the same way in humans [121].

•	 A decrease in circulating progesterone levels does not 
occur in humans during full-term or preterm labor [93].

•	 Cortisol plays a key role in promoting fetal organ 
maturation in humans; however, parturition in humans 
is not initiated by fetal hypothalamic-pituitary-adrenal 
activity [116]. 

•	 Regarding number c and d, we showed that cortisol plays a 
vital role in the initiation of labor through the modulation 
of the P/E ratio.

C. Transition Phase
An example of this phase is patients with a cervical 

length of 1–10 mm at 37 weeks, as was seen in the study 
by Ramanathan et al. [68] with a 100% delivery rate within 
2 weeks. The stimulatory system fully matures after the 
cervix successfully transforms into the LUS. The inhibitory 
system wears off as foetal growth plateaus [103] the cervical 
resistance reaches zero, or the FMs have ruptured. Therefore, 
the uterus is no longer a closed space, Laplace’s law and 
Pascal’s principle are no longer applicable, EUWT fails, and 
it can no longer stretch and inhibit myometrial cells. In the 
study by Krispin [122], half of the women with premature 
rupture of membranes at term, who were managed expectantly, 
delivered within 33 h, and 95% delivered within 94–107 h of 
membrane rupture. The transition phase is the period between 
the failure of the pregnancy maintenance mechanism (EUWT 
failure) and the onset of labor, which varies from a few hours 
to a few days. Does the transition phase in this hypothesis 
equal Friedman's latent phase of labor?

Animation 2:
Animation for the hypothesis, that Laplace's Law 

dictates the timing of birth and mode of delivery through 
exponential uterine wall tension and hormonal milieu and 
its light-dark cycle modulation. https://www.youtube.com/
watch?v=YxIt2WO0NXY

Evidence-based Support for Laplace’s Law 
Hypothesis for Gestation 

In 2010, Sokolowski et al. [20] published an impressive 
study on the changes in UWT during pregnancy. Their study 
tested the hypothesis that high uterine tension may be a 
causal factor for PTL in singleton or twin pregnancies. The 
outcome of this study refutes the hypothesis and suggests the 
opposite. Sokolowski et al. showed that UWT is exponential 
throughout pregnancy and that late PTL is associated with a 
lower UWT. 

We will discuss the work of Sokolowski et al. with our 
hypothesis at three points:

1)	 We consider Sokolowski et al.’s the thesis for our 
hypothesis: 

•	 EUWT is the biomechanical force that maintains the 
inhibitory system.

•	 Low EUWT caused inhibitory system failure and 
terminated the pregnancy. 

2)	 Sokolowski et al. [20]: comparison between the findings 
in the singleton full-term and twin groups 

•	 Myometrial tension in twin gestations was not 
increased relative to term singleton gestations.

•	 The uterine volume was considerably larger in the 
twin group, despite the exponential UWT.

•	 The twin group has delivered prematurely. 

Comment according to our hypothesis: The cause of preterm 
birth in multiple gestations or polyhydramnios is possibly 
increased uterine distension, which leads to increased 
uterine contractility [123]. The increased uterine volume 
might increase the uterine force, which induces premature 
transformation of the cervix into the LUS with premature 
EUWT failure. Despite the difference in delivery time, UWT 
was exponential in both groups, as the competent cervix 
maintained its function in the last fiber [68].

3). Sokolowski et al. [20] found that the singleton preterm 
group, associated with pregnancies of late preterm birth, 
has the following characteristics:

•	 A lower UWT that became significant by week 30.
•	 Slightly greater uterine volumes than the singleton full-

term group.
•	 The data showed a small but significant increase in uterine 

wall thickness in women who delivered preterm infants 
with a singleton gestation.

Comment according to UMTHG: Low UWT in the preterm 
group may be due to one or more of the following reasons:

a)	 The cervix may be less competent at maintaining IUP, 
which leads to a decreased IUP and low UWT.

b)	 Our hypothesis showed that the cervix modulates EUWT 
through a dual mechanism, maintains IUP, and contributes 
to the uterine volume when it transforms into the LUS. 
The cervix may contribute prematurely to uterine volume 
due to its premature transformation into the LUS, which 
leads to decreased UWT. 

Summary, we would consider Sokolowski et al.'s study [20]  
is the thesis for our hypothesis.

Clinical Support for Laplace’s Law Hypothesis 
for Gestation 
A. Malfunction of the Lower Uterine Pole (LUP)

Transformation of the cervix to the LUS by an active 
mechanism not only imposes chronic stress on the cervical 
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collagen but also affects all other LUP components. The 
chronic stress on the LUS may cause its malfunction. Although 
the likelihood of preterm delivery increases with an increased 
frequency of uterine contractions, measurement of this 
frequency is not clinically useful for predicting preterm birth 
[80]. The risk of spontaneous preterm delivery is increased 
in women who are found to have a short cervix using vaginal 
ultrasonography during pregnancy [27]. Fetal fibronectin is an 
excellent test for predicting spontaneous preterm birth [124]. 
Short cervical length (CL) with an absent cervical gland 
area (CGA) represents an independent predictor of preterm 
delivery (PTD), similar to fetal fibronectin (fFN) [125]. 
Increased frequency of uterine contractions, short cervical 
length, fibronectin in cervicovaginal secretions, and absence 
of cervical gland area were four independent components, 
tests, or factors associated with the same obstetric condition: 
preterm labor. The statistical significance was comparable. 
The link among these evidence-based studies of the LUP 
components is the malfunction of the cervix secondary to its 
transformation into the LUS due to uterine contractions that 
cause preterm birth.

B. Rupture of Fetal Membranes (FMs)

According to our hypothesis, complete loss of cervical 
resistance is the primary mechanism that initiates labor. In 
most pregnancies, labor begins at term in the presence of 
intact FMs, in full-term pregnancy [126]. The rupture of FMs 
is discussed in the following clinical situations:

a)	 Spontaneous rupture of FMs at full term. In our hypothesis, 
the rupture of FMs is a sign of pregnancy termination due 
to EUWT failure, and the time between the rupture of 
FMs and labor [122] is the transition phase of pregnancy 
according to our hypothesis.

b)	 Preterm premature rupture of membranes accounts for 
25%–40% of preterm births [29,127]. Most women with 
preterm premature rupture of membranes begin labor 
spontaneously within several days. However, a small 
proportion of women do not deliver for weeks or months 
[128].

c)	 Amniotomy of shortening spontaneous labor: Based on 
the findings of this review, we do not recommend that 
amniotomy should be introduced routinely as part of 
standard labor management and care [129].

d)	 Amniotomy of induction of labor (IOL): There is 
insufficient evidence regarding the effects of amniotomy 
alone (deliberate rupture of membranes) to induce labor 
[130].

The above evidence showed that amniotomy is not clinically 
effective either as a method for IOL or augmentation in 
spontaneous labor, which could be explained according to 
UMTHG:

•	 As an IOL method, amniotomy has no direct effect on 
the myometrium, as it indicates only the transition phase, 
which ranges from a few hours to a few days.

•	 As augmentation in spontaneous labor, amniotomy does 
not directly affect myometrial contraction in the active 
contracting myometrium.

C. Fate of Human Conception

Gravett et al. [131] have repeatedly stated what Romero 
et al. have stated succinctly [132]: “few biological processes 
as central to the survival of a species as parturition are so 
incompletely understood.” Two compelling principles 
emerge from the current understanding of pregnancy and 
parturition. First, labour represents a natural continuum of 
processes that begin at implantation and culminate with the 
return of the uterus, after involution, to its non-pregnant state 
[93,133]. The second compelling principle is that stillbirth 
and preterm birth are outcomes of multifactorial etiologies. 
Stillbirth and preterm birth represent the common outcomes 
of various causes, each associated with distinct biological 
pathways [134]. Globally, there are approximately 180 
million pregnancies annually, and most of these are evacuated 
in due course, and the uterus rarely fails to evacuate itself.  
The link between all these facts is the EUWT and AIMCC 
interactions which represent the pathophysiology of 
pregnancy. It also ensures that the maintenance of pregnancy 
is autonomic and intrinsic, and the termination of pregnancy is 
autonomic, intrinsic, obligatory, and deterministic, followed 
by involution.

Clinical Implications
A. Stretch-Dependent Inhibitory System Malfunction

The obstetric literature is replete with overwhelming 
evidence that multiple gestations, IUGR, intrauterine fetal 
death, decreased P/E ratio, increased estrogen cascade, loss of 
cervical strength, rupture of FMs, and increased or decreased 
amniotic fluid initiate parturition; however, the underlying 
mechanism is unknown. All these conditions contribute to 
and modulate EUWT. The ultimate outcomes of all these 
conditions are EUWT and SDIUS failure and termination of 
pregnancy.

B. Current Treatment of Pre-term Labor

Cervical cerclage benefits a select group of patients 
[32]. Systematic reviews and meta-analyses have reaffirmed 
that vaginal progesterone reduces the risk of preterm birth 
in singleton pregnancy with a short cervix [135], and this 
hypothesis showed that progesterone decreases uterine 
wall plasticity, which increases IUP and EUWT [38] and 
may induce uterine relaxation through a stretch-dependent 
inhibitory system that delays or prevents premature loss 
of cervical strength. A recent randomized controlled trial 
of asymptomatic singleton pregnancies with a short cervix 
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(≤25 mm) observed at the 18–22-week scan found that the 
use of the Arabin cervical pessary reduces the occurrence 
of spontaneous delivery before 34 weeks by approximately 
four-fold [136] and an MRI-based study has confirmed that 
this is due to a mechanical effect on the uterocervical angle 
[137]. According to UMTHG, the mechanical effect of the 
Arabian cervical pessary at the uterocervical angle may 
cause stimulatory system malfunction and prevent early loss 
of cervical strength secondary to its transformation into the 
LUS. The link among all these therapeutic preterm strategies 
is the focus on preventing or delaying premature EUWT 
failure through different therapeutic modalities for different 
UWT components.

C. Stimulatory System Malfunction 

Inaccurate dating is the most common cause of prolonged 
pregnancy [19]. When a post-term pregnancy truly exists, 
its cause is mostly unknown. According to our hypothesis, 
the timing of birth is due to EUWT failure secondary to a 
complete loss of cervical strength. If the cervix is short, it 
increases the risk of spontaneous preterm delivery [27]; 
if the cervix is long mid-pregnancy, it increases the risk of 
a caesarean section at term [138]. Long cervix at term is 
associated with the post-term, and in the 41–50 mm cervical 
length group, 0% of patients delivered at 40 weeks, while 
in the group with a cervical length of 1–10 mm, 100% of 
the patients delivered within 2 weeks [68]. So, the link 
between cervical length and initiation of labor is strong. In 
this hypothesis, the pathophysiology of post-term pregnancy 
may be due to the failure of the transformation of the cervix 
into the LUS by the stimulatory system in the third trimester 
which makes the cervix lose its strength, resulting in EUWT 
failure, that initiates labor.

From my clinical experience, I noticed that lightening 
(when the fetus settles or drops lower) is associated with 
normal delivery at full term or easy instrumental deliveries. 
This study was started in 2000 to answer two clinical 
questions:

1.	 Why is lightening associated with normal delivery at full 
term or easy instrumental delivery? 
Or

2.	 What is the mysterious uterine interaction in the third 
trimester that causes lightening and initiates full-term 
labor?

This hypothesis suggests that the successful transformation of 
the cervix, not the isthmus, into the LUS may be the answer 
to these two questions.

Parturition
MTCI and Labor 

Typical uterine contractions consist of a slow rise and fall in 

tension lasting approximately 1 min [139]. Beyond the inherent 
myogenic properties of muscles, neurogenic and hormonal 
control systems are superimposed to initiate, augment, and 
suppress myometrial activity [140,141]. The myometrium is a 
phasic smooth muscle that exhibits spontaneous and agonist-
induced contractions [142]. The rhythmicity and generation 
of such contractions are closely related to the generation of 
slow waves and superimposed action potentials [143,144]. 
Progressive myometrial shortening is an obligatory part of 
both normal and premature labor. Over the 12-hour course of 
labor, the decrease in myometrial length was equivalent to an 
average decrease of 1% every 10 min [47].

Oxytocin (OT) can directly induce myometrial 
contractions through PLC, which activates calcium channels 
and releases calcium from intracellular stores [145,146]. 
However, OT receptor antagonists do not prevent the normal 
timing of the onset of labor. Successful pregnancies were 
achieved in mice by mating OT-deficient females with OT-
deficient males [147,148]. Type 2 MEL receptors (MT2R) 
and OTR are G protein-coupled receptors that couple with 
the G-subunit q/11 [149,150]. Similar upregulation of 
myometrial receptors for MEL and oxytocin occurs at labor 
onset [151]. There are striking similarities between the MEL 
regulation of OTR mRNA expression and the regulation 
of OTR mRNA expression by oxytocin [152,153], leading 
us to explore further the similarities between the MEL and 
oxytocin signaling pathways in the myometrium. In addition 
to myometrial agonist-induced melatonin [109], oxytocin 
secretion [110] is increased nocturnally. 

During labor, the expression of both prostaglandin 
contractants and relaxants increases. PGF2α, secreted during 
labor in all species studied to date, including marsupials, acts 
as a universal myometrial contractant [8]. The expression 
of PGF2α is significantly correlated with the progression of 
labor; however, there was no significant difference between 
the expression in live and dead fetuses [154]. Early studies 
have shown that the concentration of PGI2 (6-keto-PGF1a) 
increases significantly in the amniotic fluid [155], maternal 
plasma [156], and myometrium [157,158], during labor, 
presenting a paradox because its synthesis increases prior 
to and during labor [156,159]. After the onset of labor, the 
plasma PGI2 concentration increases further, accompanied 
by an increase in PGE2 and PGF2α concentrations 
[156,160], although the augmentation of PGI2 secretion 
is not as prominent as that of PGE2 and PGF2α [160]. 
However, the physiological role of myometrial PGI2 during 
labor is controversial. For example, PGI2 may prevent the 
overstimulation of myometrial cells during labor [161]. The 
synchronous activity of myometrial cells results in powerful 
contractions that are needed to expel the fetus. Intervening 
periods of relaxation are equally important because they 
allow blood flow to the fetus (the blood flow to the foetus 
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decreases during contraction and increases during relaxation) 
[162]. Figure 9 links the above evidence-based research in a 
novel and robust way for the autonomic control (AIMCC) of 
the uterus during labor secondary to MTCI. Regarding uterine 
function during labor, the uterus should not only contract but 
must also relax to keep the fetus alive; MTCI seems to be 
the intrinsic and autonomic mechanism that protects the fetus 
against hypoxia and causes the progress of labor.

Figure 9: Labor and IMCC.

The First Stage of Labor
There is a major difference between the current hypothesis 
and our hypothesis regarding the following:

•	 How does the first stage of labor progress?

•	 How does the cervix dilate during the first stage of labor?

•	 What is the biological mechanism of the first stage of 
labor?

The answer to these questions will come through the 
following topics:

•	 What is the origin of the LUS?

•	 What is the mechanism of formation of the LUS?

•	 When is the LUS formation completed?

•	 What are the boundaries of the LUS?

The First stage of labor with the current hypothesis: 

1. The origin and formation of the LUS.
We have argued at the beginning of this script, the isthmus of 
the cervix does not exist embryologically [3,4], anatomically 
[5], histologically [6], or radiologically [7].

According to the current hypothesis (163) the mechanism 
of formation of the LUS from the isthmus is confusing. 
(Figure 10) Therefore, the following questions arise: 

Figure 10: Diagram of the Birth Canal A. At the end of pregnancy. 
B. During the second stage of labor, showing the formation of the 
birth canal. C.R. = contraction ring; Int. = internal; Ext. = external. 
(adapted from William 1903).

a)	 The Ext. os. does not move from its anatomical site as in a 
non-pregnant uterus, as shown in A figure 10.

b)	 How do the Ext. os and vaginal wall stick together in the 
second stage of labor with full formation of the LUS, as 
shown in B figure 2?

c)	 The anatomical internal os fixed in its anatomical site as a 
non-pregnant uterus, but with evidence-based, the cervix 
shortens and anatomical internal os moves down and the 
cervical funnelling depth opens directly into the LUS 
[68,69].

d)	 Where is the Ext. os–cervicovaginal junction distance in 
the second stage of labor?

e)	 How and where does the Ext. os–cervicovaginal junction 
distance disappear in the second stage and instantly appear 
after delivery with a full, long, and deformed length? 

f)	 Comparison between the anatomical site of Ext os in the 
second stage of labor and instantly after foetal delivery: 
How does the Ext os, which is stuck to the vagina during 
the second stage, appear clinically down to the vaginal 
introitus instantly after foetal delivery?

g)	 How is the LUS derived from the isthmus, and does it 
extend from the anatomical cervical internal os to the 
physiologic retraction ring? Where is the histological 
internal os?

2. How does the cervix dilate during first stage of labor? 

It remains unclear. The anatomical relationship between 
the human cervix, the uterine body, and the LUS is the 
subject of conflicting theories [164]. Some believe that the 
cervix is pulled up during human parturition to become part 
of the LUS [165], whereas others suggest that the lower 
uterine body extends downward towards the cervix to cover 
the inferior pole of the foetus [166]. Some argue that dilation 
occurs through direct traction of the myometrium on the 
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cervix, and others believe the “fundal dominant” uterine 
contractions “push” the foetus through the cervix (a “piston 
effect”) [167,168]. Lindgrenm [161-171] observed head-
to-cervix pressures four times as high as the intrauterine 
pressure. However, all researchers observed a similar force/
pressure distribution along a meridian of the foetal head, 
with maximal force/pressure at the level of the largest 
diameter (equator), decreasing towards the external os [172]. 
According to the current hypothesis, the cervix does not seem 
to dilate due to the piston effect. How then does the cervix 
dilate during labor? It remains unknown. Additionally, we are 
questioning the current hypothesis that the LUS is derived 
from the isthmus.

3. Cervical involution
The cervix projects to the vagina and is surrounded by a 

gutter-like fornix. It is penetrated by the endocervical canal, 
which connects the uterine cavity to the vagina. The canal is 
fusiform in shape and flattened from the back; it measures 7 
mm across at its widest part and is approximately 3 cm long 
[173]. Remodeling of the cervix allows the cervix to perform 
the complex task of maintaining a pregnancy to term. A later 
"destructive cervical process", through which the cervix 
dilates to facilitate delivery [174]. The diameter of the lower 
end of the external os reaches 100 mm in the second stage 
of labor [175]. This means that cervix dilates more than 15 
times its original diameter. No other known organs in the 
human body can dilate to more than 15 times their original 
diameter fully recover and are guaranteed for life. Therefore, 
the mechanisms underlying the effects of cervical dilatation, 
involution, and recovery remain poorly understood.

4. The First stage of labor with Laplace’s law hypothesis

To understand the progress and cervical dilation during the 
first stage of labor, we must answer the following questions:

•	 What is the origin of the LUS?

•	 What are the components of the uterine contractions?

•	 What are the stages of the formation of LUS?

•	 What are the clinical and radiological signs of the 
mechanism of LUS formation?

•	 What is the clinical importance of the formation of the 
LUS?

We previously presented the evidence that supports the 
transformation of the cervix into the LUS. The transformation 
of the cervix into the LUS has interactive components, two 
timing phases, two clinical phases, and two radiological 
presentations, followed by the reversal of all these changes. 
The cervical transformation into the LUS clinically appears 
as cervical ripening, shortening, and effacement [75,176], 
and radiologically as the YVU pattern formation [68,78] and 
inverted U pattern formation. (Animation 1 and Figure 4,11).

 

Figure 11: The transformation of the cervix into the LUS with its 
reversal. The movement of the Ext os in relation to the cervicovaginal 
junction during pregnancy and labor.

Stages of the formation of the LUS:
1.	 The third trimester: the cervix starts transformation into 

the LUS during the third trimester. (see changes in the 
lower uterine pole and the cervical changes in the third 
trimester).

2.	 The first stage of labor: 

A. Cervical effacement: Friedman’s graphical 
representation represents the rate of normal labor during 
latent and active labor [177], where in the latent phase the 
cervix dilates slowly and in the active phase it dilates much 
faster. Zilianti et al. [78] described the appearance of cervical 
effacement, as observed by transperineal sonography, as 
a progression of the letters T, Y, V, and U. According to 
MTHG, labor initiation is not only due to cervical failure with 
full cervical effacement and U-pattern formation but it has 
multiple causes due to the possible malfunction of different 
components of EUWT. Therefore, some patients will start 
labor and the cervix in a different stage of the TYV pattern, 
it should be effaced first to reach the U pattern according to 
Zilianti et al. [78], and then it will start to dilate while some 
patients may start labor while the cervix is in U pattern, thus, 
they will start to dilate straightaway.

B. Cervical dilatation: There is a mathematical 
relationship between the uterine contraction, the cervical 
dilatation, and the head descent [86,87]. The uterus, the 
cervix, and the fetal head are the components of DIDUCI. This 
hypothesis proposes that after full cervical effacement in the 
first stage of labor, the external cervical os will be pulled and 
inverted inside up to complete the transformation of the cervix 
into the LUS. This will turn the bottom of the U pattern into 
the midsegment of the LUS, and this biological mechanism 
will appear radiologically as an inverted U pattern (∩) and 
clinically as progressive cervical dilation. Complete inverted 
pattern formation clinically is the full cervical dilatation. 
Why do we call it an inverted U pattern? The lowest part of 
the cervix is the external cervical os, and at the same time, it 
is the bottom of the U pattern. The external cervical os will be 
pulled up, and the bottom of the U pattern is inverted inside 
up to the midsegment of the LUS. Late labor means that most 
of the cervical tissues have transformed into the LUS, which 
is why the scar of the Cesarean section appears deep in the 
cervix after reversal and involution. We consider an inverted 
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U pattern as a continuation of the TYVU pattern formation 
and the radiological completion of the transformation of the 
cervix into the LUS. (Animation 1).

The mechanism of cervical effacement and dilation 
through the YVU and inverted U pattern hypothesis might 
explain why obstetricians prevent women in labor from 
bearing down during the first stage, as bearing down does 
not affect cervical dilatation because the cervical tissues are 
moving upward. This mechanism may also explain why the 
cervix dilates during the first stage of labor despite the head-
to-cervix pressure being four times as high as the intrauterine 
pressure [169-171] and researchers have observed a similar 
force/pressure distribution along a meridian of the fetal 
head, with maximal force/pressure at the level of the largest 
diameter (equator) and decreasing toward the external os 
[172].

So, in summary, cervical transformation into the LUS 
has clinical and radiological presentations and a two-phase 
timing, starting in the third trimester and completing during 
the first stage of labor. Cervical shortening, ripening, and 
effacement during the third trimester appear radiologically as 
TYVU pattern formation and transformation completion in 
the first labor stage. It will appear clinically as progressive 
cervical dilation and radiologically as an inverted U pattern 
formation.

3. The second stage of labor: It starts after the completion of 
the formation of the LUS. The boundaries of the LUS, appear 
as a wedge-shaped birth canal that extends from the vaginal 
vault (cervicovaginal junction) caudally into the physiological 
retraction ring cranially, and the external cervical os lies in 
between them. A caesarean section in late labor is associated 
with a uterine scar in the endocervical canal [178]. Late labor 
means that most of the cervical tissues have transformed into 
the LUS, which is why the scar of the caesarean section (CS) 
appears deep in the cervix after its reversal and involution. 
Drawing number 3 or 4 in Figure 11 is labor as late as it 
gets, and if you cut incision for CS at this stage, you will cut 
really through the endocervical canal, leaving a scar on the 
endocervix after it is reversed. (Animation 1).

4. The third stage of labor (Reversal Phase of the Cervix) 
All these cervical changes reverse instantly after foetal 
delivery, and the cervix returns to its anatomical site and 
regains its fully anatomical shape. The best definition that I 
can give for the lower uterine segment is in the words of Bayer: 
“a portion of the uterus, which before parturition resembles 
the body, and after it, the cervix.” [2]. The breakthrough in 
this hypothesis was in 2008, when I clinically discovered 
the changes in the anatomical site of the external cervical os 
during and after labor. Our hypothesis is proposing that the 
cervix transforms into the LUS through the TYVU pattern 
and an inverted U pattern (∩) with its subsequent reversal. 
(Animation 1 and Figure 4, 11).

In summary, the biological mechanism and the progress 
in the first stage of labor are the successful completion 
transformation of the cervix into the LUS formation, which 
begins in the third trimester. The transformation of the cervix 
into the LUS begins in the third trimester and is completed 
by the end of the first stage of labor. It has clinical and 
radiological presentation. Clinically, it is characterized by 
cervical effacement and dilatation; while radiologically, 
there is a YVU pattern and inverted U pattern formation. 
All these cervical changes are reversed instantly after fetal 
delivery. 

The cervix, a unique valve, is distinct in nature and in the 
mechanism of its function:

•	 It is mainly composed of collagen.
•	 It has viscoelastic characteristics.
•	 Its primary function is to maintain IUP.
•	 It contributes to the uterine volume when it transforms 

into the LUS.
•	 It is a strong and efficient valve.
•	 It carries a huge weight for its size.
•	 It keeps its function to the last fiber.
•	 It maintains the pregnancy until term.
•	 Its malfunction may cause pre-term or labor dystocia or 

postterm pregnancy.
•	 It changes into a birth canal, which starts in the third 

trimester, and is completed during the first stage of labor.
•	 The transformation into the CBC (LUS) facilitates fetal 

delivery.
•	 The mechanism of transformation into the LUS occurs 

through TYVU and inverted U pattern formation.
•	 The force of the transformation is DIDUCI due to 

contractions of the stimulatory system.
•	 It has autonomously controlled opening and closure 

characteristics.
•	 It starts its transformation into the LUS during the third 

trimester.
•	 It completes its transformation by the end of the first stage 

of labor.
•	 The clinical cervical dilatation radiologically is an 

inverted U pattern formation.
•	 It then reverses instantly after fetal delivery.
•	 It opens in many weeks, days, and hours.
•	 It closes instantly after fetal delivery.
•	 Then it involutes, regenerates, recovers, with a lifetime 

guarantee.
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In summary, the cervix is a unique valve with no similar 
organ in the human body. It dilates to more than 15 times its 
original diameter, then involutes, regenerates, and recovers, 
with a lifetime guarantee. It has an unknown mysterious 
mechanism of function during pregnancy, which turns out 
to be very simple. It is a deeply seated pelvic organ and is 
associated with complex changes during pregnancy, having 
unexpected opening and closing mechanisms. It opens in 
weeks by complex mechanism due to upward traction force 
and closes instantly by reversal of all these changes. We 
would argue that these mechanisms and functions did not 
cross the human mind and are very difficult to comprehend.

Clinical implications of Transformation of the 
Cervix into the LUS.
A. Termination of Pregnancy

Long cervix at term is associated with the post-term, 
and in the 41–50 mm cervical length group, 0% of patients 
delivered at 40 weeks, while in the group with a cervical 
length of 1–10 mm, 100% of the patients delivered within 
2 weeks [68]. There is a strong reverse relationship between 
cervical length and the initiation of labor at full term. In this 
hypothesis, the successful transformation of most of the 
cervix into the LUS which leads to EUWT failure in the third 
trimester is the mechanism of termination of pregnancy and 
initiation of labor at full term.

B. Labor Dystocia 

Dystocia is associated with poor progress during labor 
and is a major cause of primary caesarean deliveries [18]. 
However, the biological mechanisms that lead to poor progress 
during labor are poorly understood. Active management of 
labor is associated with a lower rate of caesarean section 
[179] which is possible because of a decrease in caesarean 
deliveries performed for dystocia. Another opinion is that 
the active management of labor does not reduce the rate of 
caesarean section deliveries in nulliparous women. However, 
it is rather associated with a shorter duration of labor and a 
lower maternal fever [180]. There is conflicting evidence 
regarding the outcomes of active management in reducing 
caesarean sections due to dystocia. In this hypothesis, we have 
shown that initiation of parturition is due to EUWT failure 
secondary to a complete loss of cervical strength. We would 
argue that failure of EUWT, other than cervical failure, such 
as rupture of FM if associated with a long cervix (stimulatory 
system malfunction), may cause labor dystocia. We would 
argue that the stimulatory system that fails to transform the 
4 cm cervix for 7 weeks (30–37 weeks of gestation) from 
a T pattern into a U pattern during pregnancy may fail to 
transform it during a few hours of labor. So, concomitant 
rupture of fetal membranes (failure of the stretch-dependent 
inhibitory system) combined with a long cervix (failure of the 
stimulation system - failure of transformation of the cervix 

into the LUS) represents a combined two-system failure, 
which may cause labor dystocia. In this hypothesis, successful 
transformation of the cervix is essential for successful labor, 
and most of the cervical transformation into the LUS happens 
during the third trimester. So, the treatment of labor dystocia 
should focus on the causes of the stimulatory system's 
malfunction before labor begins.

In summary, the successful transformation of the cervix 
into the LUS during late pregnancy by the stimulatory 
system is the cornerstone of  termination of pregnancy 
and achieving successful labor. The failure of this mechanism 
alone causes post-term pregnancy; if combined with the 
failure of the inhibitory system, it results in labor dystocia.

C. Duration of Labor 

Attempts to define the normal values and limits of labor 
duration have yielded inconsistent results, possibly because 
labor does not readily lend itself to measurements [181]. Most 
studies on the duration of labor have not provided evidentiary 
support for their choice of definition of labor onset [182]. In 
our hypothesis, pregnancy duration is the duration between 
conception and EUWT failure secondary to the complete 
loss of cervical strength due to its transformation into the 
LUS. Also, new definitions are emerging for termination 
of pregnancy (EUWT failure), initiation of parturition 
(transition phase), and parturition, which are completely 
different physiological processes with different mechanisms. 
The definition of the onset and duration of labor should be 
revisited and defined in light of these findings.

Suggested Studies and  Research  for the 
Hypothesis
A.	 The anatomical relationship between the urinary bladder 

and the cervix

The transformation of the cervix into the LUS and its reversal 
makes it impossible for the urinary bladder to have a direct 
anatomical relationship with the anterior surface of the 
supra-vaginal part of the cervix, as described in anatomical 
textbooks. A study is needed to test and confirm this finding.

B.	 Cervical and Uterine Ligaments Tension

The fixation of the uterus during contraction to push the fetus 
causes an increase in the tension and stress of these ligaments, 
which can be measured by MRI elastography during labor. 
The strongest risk factor for pelvic organ prolapse is parity. 
A Swedish population-based study found that the prevalence 
of genital prolapse was higher in parous women (44%) than 
in non-parous women [183]. Development of uterine prolapse 
later in life may be due to recurrent stress of these ligaments 
during pregnancy and labor due to DIDUCI.

C.	 How do you diagnose an inverted U-shaped Pattern 
Formation?
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The basis for this study is the observation of the movements 
of the cervical tissue during pregnancy and labor about the 
cervicovaginal junction (CVJ), which is fixed by a strong 
cervical ligament. During the effacement and dilatation 
phases, all tissues of the vaginal portion of the cervix are 
pulled upward completely, and there are no cervical tissues 
below the cervicovaginal junction. Observing the cervical 
changes in real-time open MRI during labor might help 
diagnose an inverted U-pattern hypothesis. The basis for the 
study is as follows:

•	 In the first stage, a small volume of cervical tissue will be 
observed below the fixed CVJ. Furthermore, observations 
of the movements of the cervical tissue upward in relation 
to the fixed CVJ due to cervical dilatation can be made.

•	 In the second stage, no cervical tissues will be observed 
below the fixed CVJ.

•	 In the third stage, MRI compares the volume of cervical 
tissues that have been pulled up during the first stage and 
the amount of reversed cervical tissues after delivery of 
the fetus in relation to the fixed CVJ.

•	 All these changes might be observed in four images when 
the cervix is 4 cm, 8 cm, fully dilated, and after delivery 
of the fetus. See animations 1 and Figure 4 and 11.

Duration of Pregnancy and Genetic Control
The duration of pregnancy for different animal species 

is remarkably constant, suggesting a time-measuring 
process. Such a process most likely involves determining the 
number of cell divisions that have occurred since the time 
of fertilization, despite the lack of experimental evidence for 
this hypothesis [8]. Evidence suggests that in most viviparous 
animals, the fetus is in control of the timing of birth [184-
187]. Horse–donkey crossbreeding experiments in the 1950s 
showed that the gestational length is intermediate between 
that of horses (340 days) and donkeys (365 days) [186,188], 
suggesting a role of the fetal genotype in the initiation of 
birth. Possibly, the mechanism underlying the timing of birth 
is encoded in the fetus and is closely linked to and activated 
when specific prerequisite developmental events occur in 
the fetus [8]. Considerable evidence suggests that the fetus 
controls the timing of labor and thus its birth; however, the 
exact mechanism remains elusive [10]. UMTHG showed that 
there is overwhelming evidence to support the contention 
that gestation is maintained and terminated, through EUWT. 
EUWT is under complex genetic control to maintain a balance, 
as low UWT can terminate pregnancy [20], and high UWT 
can compromise fetal health. Braxton Hicks contractions can 
increase the baseline IUP (10 mm Hg) to 20–30 mm Hg, which 
is sufficient to significantly affect uteroplacental blood flow 
[189]; high IUP can compromise fetal growth [20,190,191]. 
Among natural conceptions in which the date of conception 

(ovulation) is known, the variation in pregnancy length spans 
37 days, even after excluding women with complications or 
preterm births [192]. We would argue that this wide variation 
in the duration of pregnancy is due to the complex interaction 
between four variables: gestational sac, uterus corpus, cervix, 
and the pelvis, which create, maintain, and terminate EUWT. 
This hypothesis shows overwhelming evidence to support that 
EUWT mechano-transduction may be the main mechanism 
and system that controls uterine function during pregnancy 
and the hormonal milieu. We would argue that fetal growth 
is the main biomechanical force behind the creation and 
maintenance of EUWT, responsible for developing the 
inhibitory and stimulatory systems that dictate the pregnancy 
interval and circadian timers. Therefore, the fetus may dictate 
the timing of birth and pregnancy duration through EUWT. 
Many laws of physics govern uterine contractility [25]. 
EUWT is measured by Laplace's Law, which may be the law 
of physics that governs uterine function during pregnancy. 
It may explain the cause of the constant pregnancy duration 
through EUWT, where fetal and gestational sac growth are at 
its core.

To conclude, this hypothesis shows that the autonomous 
creation, maintenance, and eventual autonomous termination 
of EUWT, secondary to light-dark cycle modulation, make the 
pregnancy interval and the circadian timer constant. At 
the same time, the malfunction of EUWT changes the birth 
timing, pregnancy duration, and mode of delivery. EUWT 
is measured by Laplace's  Law  and Pascal's principle, 
which might be the laws of physics that genetically control 
pregnancy's duration.

Racial and Ethnic Consideration
The outcome of the autonomous gestational cycle of a 

constant duration is the baby’s average genetic and racial 
weight. Despite the constant pregnancy duration birth weight 
showed significant differences between the current reference 
and other references developed for Chinese or non-Chinese 
infants [193]. Our observed racial/ethnic differences primarily 
reflect maternal intrinsic characteristics, such as age and 
height, possibly shaped by evolutionary processes [194,195]. 
The creation, maintenance, and termination of EUWT are due 
to complex multifactorial, genetic, racial, physiological, and 
environmental factors. Andersen et al. [90] reported a cervical 
length of 40–44 mm at the 30th week of gestation. Murakawa 
et al. [66] reported that the measurement was 6 mm shorter 
on average in Japanese women. Sekiya et al. found that the 
difference was 3–4 mm, which implies that racial differences 
exist [70]. Racial/ethnic differences in the baby’s weight may 
match the genetic and racial differences in the components of 
EUWT, for example, cervical length. 

Human Birth Evolution
Comparative genomic analyses have revealed that 
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approximately 95% of human and chimpanzee DNA 
sequences are shared [196,197]. However, one of the greatest 
differences between the two species is in genes related to 
reproduction. Birth in modern humans is a process unlike that 
observed in other living species. This is because of interactions 
between several features of our evolutionary history, such 
as bipedal locomotion and posture, encephalization, and 
secondary altricialit [116]. In addition, striking changes in the 
female pelvis based on adoption of an upright posture by the 
human ancestor Australopithecus and an increase in the size 
of the cranium based on the evolution of modern humans have 
had consequences on the process of parturition [198]. Most, if 
not all, studies on the evolution of modern human childbirth 
have focused on the fetal head in relation to the bony pelvis 
and the upright position. It is unclear whether the function of 
the cervix, AIMCC [10,47,48], EUWT [20], and evolutionary 
uterus [81] are related to human evolution and the upright 
position. The evolution of modern human pregnancy and 
childbirth should be revisited after the emergence of this 
hypothesis, especially for EUWT, AIMCC, and the evolution 
of the uterus, primary cervical function, and DIDUCI.

Summary
Physiologically, human reproduction is divided into 

two phases; the first phase starts with oogenesis and 
spermatogenesis and ends with  the  fertilization of the 
ovum.  The  second phase begins when the fertilized ovum 
is implanted into the uterine cavity and is completed when 
the baby is born with uterine involution. The last century 
saw a significant improvement in our understanding of the 
physiology of the first phase of human reproduction.  In 
1978, Prof. Robert G. Edwards succeeded in achieving 
extra-corporeal fertilization through IVF, resulting in the 
birth of the world's first "test-tube baby." He was awarded 
the Nobel Prize in Physiology of Medicine in 2010 for his 
achievement. Implantation of the zygote in the uterine cavity 
created two major challenges, namely systemic immunological 
and local challenges. The systemic immunological challenge 
is to protect the gestational sac and fetus from rejection by 
the host, i.e., the mother. In 1953, Medawar [199] was the 
first to propose the concept of the fetal allograft. In 1960, he 
was awarded the Nobel Prize in Physiology of Medicine for 
this work. The local biomechanical uterine challenges happen 
after successful placental implantation without rejection. 
Consider the changes that it has to undergo to permit the 
fertilized embryo to implant and penetrate the uterine blood 
supply, to then undergo extreme hyperplasia and hypertrophy 
to accommodate the growing fetus while not responding to 
stretch with contraction, before finally producing an ever more 
insistent series of contractions to produce 10 cm of dilatation 
of the cervix and the delivery of the baby and placenta [175]. 
Local uterine challenges are not fully understood, and the 

timing of birth and the duration of gestation has not been 
established yet or systematically studied. Would Laplace's law 
and EUWT hypothesis be the breakthrough and the answer 
for the local uterine challenges, the timing of birth, and the 
pregnancy duration? Laplace's law hypothesis showed that the 
autonomous creation, maintenance, and eventual termination 
of EUWT, secondary to light-dark cycle modulation, make 
gestation an autonomic cycle with constant intervals and 
circadian timers. At the same time, the malfunction of EUWT 
changes the birth timing, pregnancy duration, and mode of 
delivery. Laplace's Law hypothesis  for gestation presents  a 
novel perspective of pregnancy and human parturition that 
has never been suggested before. The current physiology and 
gestational pathophysiology of gestation should be revised in 
light of this hypothesis.
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