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Abstract
Purpose Our study was designed to investigate premaxillary–maxillary suture growth in fetuses from the first trimester
of pregnancy using the B-ultrasound technique in order to determine the suture fusion time.
Methods We selected 169 healthy Han singleton pregnancies as subjects. All subjects received routine pregnancy tests and
were divided into three groups based on the gestational age of the fetus: group 1, the 11th gestational week; group 2, the 12th
gestational week; and group 3, the 13th gestational week. Fetal biometric measurements were recorded during consecutive
prenatal ultrasonographic examinations. These measurements included nuchal translucency thickness, crown–rump length,
and premaxillary–maxillary length. Intergroup comparisons were performed using analysis of variance (ANOVA).
Results The premaxillary–maxillary suture grows gradually and its measured length at the 11th, 12th and 13th week was
0.54cm, 0.65cm, and 0.74cm, respectively. We observed a significant linear correlation between the premaxillary–maxillary
length and the week of gestation in the first trimester. The growth rate of the maxilla at the 11th, the 12th and the 13th
week are significantly different with a descending order of growth rates being week 12, week 11 and week 13, with the
12th week rate being the most rapid.
Conclusion The premaxillary and maxillary growth at 11 and 12 gestational weeks in the first trimester steadily accelerated,
peaking at the 12th week. The rate of growth slows down after week 12 which may be associated with the fusion of the
premaxillary–maxillary suture.
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Entwicklung der Sutur zwischenMaxilla und Prämaxilla im ersten Trimenon
Eine Ultraschalluntersuchung

Zusammenfassung
Ziel Die vorliegende Studie wurde durchgeführt, um die Entwicklung der Sutur zwischen Prämaxilla und Maxilla bei Föten
im ersten Schwangerschaftsdrittel mittels B-Ultraschalltechnik zu untersuchen und den Zeitpunkt der Suturverknöcherung
zu bestimmen.
Methode An der Studie nahmen 169 gesunde Schwangere (Mehrlingsgebärende ausgeschlossen) teil. Alle Teilnehmerin-
nen wurden regelmäßig routinemäßig untersucht und wurden in drei Gruppen eingeteilt, basierend auf dem Gestationsalter
des Fötus: Gruppe 1: 11. Schwangerschaftswoche (SSW); Gruppe 2: 12. SSW, und Gruppe 3: 13. SSW. Die biometri-
sche Vermessung der Föten wurde während der konsekutiven pränatalen Ultraschalluntersuchungen durchgeführt. Diese
Messungen enthielten Nackentransparenzmessung, Schädel-Steiß-Länge und Länge der Prämaxilla-Maxilla. Vergleiche
zwischen den Gruppen wurden mittels Varianzanalyse (ANOVA) durchgeführt.
Ergebnisse Die Sutur Prämaxilla-Maxilla entwickelte sich kontinuierlich, wobei ihre Länge in der 11., 12. und 13. SSW
0,54cm, 0,65cm und 0.74cm beträgt. Wir konnten eine signifikante lineare Korrelation zwischen Prämaxilla-Maxilla-Länge
und der SSW im ersten Schwangerschaftsdrittel beobachten. Das maxilläre Wachstum in der 11., 12. und 13. SSW
unterscheidet sich signifikant, wobei die Wachstumsrate in der 12. SSW am höchsten ist, gefolgt von der 11. und 13. SSW.
Schlussfolgerung Das Wachstum der Prämaxilla und Maxilla nahm in der 11. und 12. SSW stetig zu, und wies einen
Wachstumsgipfel in der 12. SSW auf. Die Wachstumsrate verlangsamte sich nach der 12. SSW, was sich möglicherweise
auf die Verknöcherung der Sutur Prämaxilla-Maxilla zurückführen lässt.

Schlüsselwörter Sutur Prämaxilla-Maxilla · Schädelnaht · Fötus · Angle Klasse III · Ultraschall

Introduction

Angle class III malocclusion is one of the most common
malocclusions for children in China. This malformation
can be etiologically summarized as maxillary deficiency,
mandibular excess, or a combination of both. Maxillary de-
ficiency accounts for a large percentage of these malocclu-
sions; however, the pathogenesis of maxillary deficiency is
still unknown [20–22, 26]. Our animal studies showed that
early ossification of the premaxillary–maxillary suture may
induce extensive craniomaxillofacial morphological abnor-
mality in rats (including the midface), which was similar to
the facial characteristics in human class III malocclusion.
Thus, we can infer that the midfacial hypoplasia is related to
the development and growth of the premaxillary–maxillary
suture [6, 18]. Due to the different prevalence rates of class
III malocclusion between Mongoloid and Caucasian races,
we propose that class III malocclusion is related to the
different time points for the ossification of the premaxil-
lary–maxillary suture (PMS).

Cranial sutures are membranous gaps that remain be-
tween the boney plates of the skull as the bones grow and
develop. These intervening fibrous sutures act as flexible
joints between the developing bones allowing the skull to
change shape and grow during development. Under nor-
mal conditions, complete fusion of the cranial bones usu-
ally does not occur until adulthood. There are many su-
tures located in the cranium and maxillofacial area. In the
cranium, there are three sutures, i. e., the coronal suture,
the sagittal suture, and the lambdoid suture. For the max-

illofacial area, there are many more sutures, including the
midpalatal suture, the zygomaticomaxillary suture, and the
premaxillary–maxillary suture. In addition, the premaxilla,
the main structure of the middle facial area, connects with
the maxilla, basal bone, vomer, and frontal bone by the
corresponding sutures. In humans, all sutures in the max-
illofacial area remain patent except for the PMS, which
begins to fuse around the time of birth. In all other mam-
malian species, the PMS remains patent. This leads to the
characteristic facial profile of human beings, such as the
anterior nasal spine [3, 15, 16]. As the size of the anterior
nasal spine correlates with facial prognathism and the tim-
ing of premaxillary–maxillary sutural fusion, Mooney et al.
suggested that the timing of PMS fusion may have impli-
cations for models of midfacial growth [16]. By examining
dry skulls, they demonstrated that PMS fusion time cor-
relates significantly with midfacial morphology and may
explain the distinctive racial variations between black and
white populations in midfacial profiles established early in
fetal development and maintained postnatally [15]. In ad-
dition, studies by Holton et al. showed that restriction of
sutural growth via rigid plate fixation can make a highly
significant reduction in facial projection and overall size,
which is the characteristic configuration of the modern hu-
man [6]. Furthermore, our own studies show that PMS pre-
mature fusion can induce extensive abnormal craniofacial
form, which is associated with the characteristics of class
III malocclusion [18]. Therefore, some scholars proposed
that if the PMS remains open, we may be able to stimu-
late the formulation of the maxilla and the midface with
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Table 1 Maternal characteris-
tics

Tab. 1 Charakteristika der
Mütter

n (%) Average maternal age
(years)

Average gestational week
(weeks)

Gestational weeks
(11+ 0–11+ 6)

36 (21.31) 28.22± 4.53 11.62± 0.25

Gestational weeks
(12+ 0–12+ 6)

90 (53.25) 29.26± 4.78 12.44± 0.29

Gestational weeks
(13+ 0–13+ 6)

43 (25.44) 29.86± 4.73 13.43± 0.30

Total 169 (100) 29.19± 4.72 12.52± 0.68

the use of anteroposterior expansion of the maxilla for the
treatment of class III malocclusion and in cases of nasal
obstruction [24]. However, due to the rapid fetal develop-
ment time and the lack of effective examination techniques,
PMS fusion time is still unresolved and controversial. Some
scholars considered that human premaxilla first appears at
gestational week 7 and begins to fuse with the maxillary
bone at gestational week 9 until around birth [2]. Other
scholars, however, have demonstrated suture fusion at ges-
tational week 14 [27, 28]. Some scholars revealed that the
premaxillary–maxillary suture remains open during child-
hood or partly fused throughout life, and they postulate that
the premaxilla could be used as the basis for therapeutics
for the middle third of growth [24].

With constant improvement in ultrasonic technology,
B-ultrasound has become an important means of exami-
nation in the first trimester today. Not only normal fetal
development, but also major fetal malformations can now
be found with B-ultrasound in the first trimester. Due to
a strong correlation between fetal nuchal translucency (NT)
and fetal health, a NT scan by ultrasonography has become
an essential means for fetal health screening in the first
trimester in recent years [10, 11, 23]. Some scholars used
B-ultrasound to measure the maxillary lengths of the fetus
from 11+ 0 to 13 + 6 gestational weeks and proposed a linear
correlation between maxillary lengths and gestation time in
weeks [19]. However, the possibility that the PMS may be
fusing during this time suggests that the rate of increase of
the premaxillary and maxillary length could be slowed. In
this study, we hypothesize that the PMS is fusing at some
time during these 3 weeks and as a result, this fusion leads
to a non-linear growth rate.

Subjects andmethods

Subjects

For this study, we selected 169 healthy Han nationality
women with normal singleton pregnancies and administered
routine pregnancy tests in the Hangzhou Fuyang Woman
and Children Hospital. The pregnant women were ages
29.19± 4.72 years and at 11 + 0 to 13 + 6 gestational weeks

(12.52± 0.68 weeks). All subjects were divided into three
groups according to their week of gestation (Table 1). The
ages of the pregnant women in each group showed no sig-
nificant differences (F= 0.47, P= 0.63). This study has been
reviewed and approved by the medical ethics review board
in the Children’s Hospital Zhejiang University School of
Medicine and has obtained the informed consent of the pa-
tients.

Methods

An ultrasound 730 machine equipped with a 4 MHz ab-
dominal probe (GE Healthcare, Chicago, IL, USA) was
used for this study. During image acquisition, the long axis
of the probe was brought parallel to the median line of the
sagittal view of the fetal body and an image of the sagit-
tal view was acquired. The direction of the probe was ad-
justed to maximize the manifestation of nuchal translucency
thickness (NT), crown–rump length (CRL), and premaxil-
lary–maxillary length (MaxL). A method of real-time mea-
surement was adopted to measure NT, CRL, and MaxL by
an experienced specialist in ultrasonic imaging (H.W.Q.).

NTmeasurement

According to the measurement method in the literature [17],
the two hyperechogenic regions were measured at the bot-
tom of the nuchal dorsum displayed in the sagittal view,
where NT (in cm) was defined as the maximum distance.
In this study, we only include fetuses whose NT was less
than 0.3cm, which we considered to be normal based on
the literature [8].

MaxL measurement

The maximum distance was measured around the hypere-
chogenic tissue displayed on the middle face of a fetus when
its face was presented in the midsagittal position (Fig. 1).
This distance (in cm) included the premaxilla, the maxillary
palatal process and the palatal horizontal process. These
structures appear rod-shaped in the ultrasonic picture and
we measured these rod-shaped bones from the inner to the
outer margins along the mid-line.
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Fig. 1 Ultrasound midsagittal plane view, MaxL is defined by a line
segment between the inner and the outer margins along the mid-line,
including premaxilla, maxillary palatal process, and palatal horizontal
process. MaxL premaxillary–maxillary length
Abb. 1 Midsagittalebene im Ultraschall. MaxL ist definiert durch die
Linie zwischen den äußeren und inneren Rändern entlang der Mittelli-
nie, die Prämaxilla, maxillären Gaumenfortsatz und horizontalen Gau-
menfortsatz enthält.MaxL „premaxillary–maxillary length“

Fig. 2 Ultrasound midsagittal plane view, CRL is the maximum length
of the fetus from the top of the crown to the bottom of the buttocks
along the mid-line position. CRL crown–rump length
Abb. 2 Midsagittalebene im Ultraschall, CRL ist maximale Länge des
Fötus vom Scheitel bis zum Steiß. CRL „crown–rump length“

CRL measurement

CRL is the maximum distance (in cm) measured from the
top of the head to the bottom of the buttocks of a fetus when
its face is presented in the mid sagittal position (Fig. 2).

Results

MaxL at different gestational weeks

MaxL is 0.54cm at 11 weeks, 0.65cm at 12 weeks, and
0.74cm at 13 weeks (Table 2). This suggests that MaxL
continuously increased from the 11th week to the 13th
week, while the MaxL growth increment (0.11cm) from
the 11th week to the 12th week was greater than the growth
increment (0.09cm) from the 12th week to the 13th week
(P< 0.001). These results suggest that the rate of MaxL
growth before 12 weeks is greater than the rate of growth
after 12 weeks.

Correlation between MaxL and the weeks of
gestation and between MaxL and CRL

There was a moderate but significant correlation between
MaxL and gestational age (Table 3), with a Pearson correla-
tion coefficient of 0.713 (P< 0.001). Similarly, a statistical
correlation was found between MaxL and CRL with a cor-
relation coefficient of 0.697 (P< 0.001).

MaxL growth rate difference

Based on the correlation between MaxL and the gesta-
tional weeks, linear regression relationships were analyzed
for these different stages (Fig. 3). The linear regression
equation for MaxL (y) and the gestational weeks (x) was
found to be as follows: y= 0.18x– 1.60, R2= 0.31at the
11th week, y= 0.22x– 2.04, R2= 0.37at the 12th week, and
y= 0.16x– 1.45, R2= 0.24at the 13th week, respectively. For
these results, the gestational age of 12 weeks had the great-
est slope, relative to 11 weeks and 13 weeks (The slope
increase for the MaxL and the gestational week data was
12th week> 11th week> 13th week). From this analysis, we
conclude that MaxL growth rates for these 3 weeks were
different, reached a peak level in week 12, then a slowing
of the growth rate by the 13th week.

Discussion

NT length and normal fetus examination in the first
trimester

Fetal nuchal translucency (NT) length is, in fact, the lymph
fluid collecting within the nape of the fetal neck during the
first trimester. It increases during the 11th week and dis-
appears at the end of the 13th week. In 1992, Nicolaides
et al. [17] first found that the NT length of the early fe-
tus (11 + 0 to 13 + 6 week) was related to some chromosome
disorders and fetal malformations. In their analysis, they
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Table 2 CRL, NT, and MaxL (cm) at the different gestational weeks
Tab. 2 CRL, NT und MaxL (cm) zu unterschiedlichen Schwangerschaftswochen

CRL NT MaxL

Gestational weeks (11+ 0–11+ 6) 4.84± 0.34 0.10± 0.04 0.54± 0.08***

Gestational weeks (12+ 0–12+ 6) 5.90± 0.41 0.13± 0.04 0.65± 0.10***

Gestational weeks (13+ 0–13+ 6) 7.21± 0.43 0.17± 0.08 0.74± 0.10***

Total 6.01± 0.91 0.13± 0.06 0.65± 0.12

CRL Crown–rump length, NT Nuchal translucency thickness,MaxL Premaxillary and maxillary length. *** P< 0.001 by ANOVA test among these
three weeks

Table 3 Correlation between MaxL and CRL, gestational week
Tab. 3 Korrelation zwischen MaxL und CRL und Schwangerschaftswoche

MaxL GWs CRL

MaxL Pearson correlation 1 0.713*** 0.697***

Significance (2 tails) – 0 0

N 169 169 169
GWs Pearson correlation 0.713*** 1 0.981***

Significance (2 tails) 0 – 0

N 169 169 169
CRL Pearson correlation 0.697*** 0.981*** 1

Significance (2 tails) 0 0 –

N 169 169 169

MaxL Premaxillary and maxillary length, GWs gestational weeks, CRL Crown–rump length; ***P< 0.001

proposed that the fetuses whose NT thickness was less than
0.3cm could be considered normal. Since then, additional
studies have documented this phenomenon [8, 10, 11, 23].
Today, NT thickness measurement has become a popular
sonographic technique for screening the health of children
in the first trimester.

Researchers have shown that NT in most normal fe-
tuses is less than 0.25cm and if NT length is greater than
0.30cm, chromosome abnormalities, congenital heart mal-
formations, and facial deformities should be taken into con-
sideration [1, 5, 8, 9, 13]. Our study shows that the mean
value of NT was 0.13± 0.06cm with a minimum value of
0.04cm and a maximum value of 0.26cm. For all 169 sub-
jects in our study the values for NT were in the normal
range. The percentage of low NT fetuses, whose NT is un-
der 0.1cm, is 30.8%, while 0.1–0.2cm accounts for 63.3%.
Together, these account for 94.1%. We found that values
of 0.2–0.25cm account for 5.3% and values over 0.25cm
account for 0.6%, together accounting for 5.9%. Therefore,
in our study, NT measurements conformed to the definition
of normal fetus NT values suggested by Nicolaides et al.
[17].

Ossification time of the premaxillary–maxillary
suture

The PMS exists in the early fetus, whereas its ossification
time has long been a matter of controversy. Some scholars
consider that the PMS starts to ossify after 9 weeks of preg-

nancy and completes the ossification process at birth [2].
Others are convinced that the fusion of the PMS ends after
14 weeks of pregnancy [27, 28]. Zhang et al. investigated
the ossification centers and time points for the maxillofa-
cial region in aborted fetuses, discovering that the maxillary
ossification centers appeared at the 8th week of pregnancy,
while the zygomatic process, palatal process, frontal pro-
cess, and fossa canina emerged from their ossification cen-
ters after the 9th week. In addition, they also found that
the premaxillary ossification center appeared at the 12th
week, and quickly grew into processes, and then the pre-
maxillary palatal process fused with the maxillary palatal
process, which completely ossified at the 14th gestational
week [27, 28]. The newest research shows that the premax-
illary–maxillary suture remains open even after birth and
the premaxilla exists non-fused or partly fused throughout
life [24]. Abnormal growth of the premaxilla in relation
to the maxilla, for example by precocious fusion, may be
correlated with maxillofacial malformations such as prog-
nathism [24] and class III malocclusion [6, 18].

The findings in this study show that the rate of MaxL
increase for the 11th, 12th, and 13th week were different as
the slope of the regression lines in these respective weeks
was different. The growth differences suggest that during
the earlier weeks of gestation, the PMS increased at a faster
rate. This may be related to the state of suture patency or
may be related to incomplete ossification of the PMS in
which the connective tissue of sutures have a significant
effect on ossification and increased the bone length. The

K



30 W. Ruan et al.

Fig. 3 The linear regression equation between MaxL and the gesta-
tional weeks (GWs) showing that the gestational age of 12 weeks had
the greatest slope, compared to the 11 weeks and 13 weeks. The con-
clusion can be drawn that MaxL growth rates during these 3 weeks
are different, reaching the peak in week 12 and then slowing down.
MaxL premaxillary–maxillary length
Abb. 3 Die lineare Regression zwischen MaxL und den Gestations-
wochen (GWs) zeigt, dass das Gestationsalter von 12 Wochen im
Vergleich zu 11 und 13 Wochen die größte Steigung hatte. Daraus lässt
sich schließen, dass die MaxL-Wachstumsraten während dieser 3 Wo-
chen unterschiedlich sind, den Höhepunkt in Woche 12 erreichen und
danach eine Verlangsamung eintritt. MaxL „premaxillary–maxillary
length“

linear regression equations for MaxL and the weeks of ges-
tation for the time points of this study revealed that the slope
of week 12 was the greatest, while the slope of week 13
was the lowest. These results suggest that the fusing state of
PMS was toward the end of gestational week 12. The more
fused the area of the PMS, the less increase found for MaxL.
The lower slope at week 13 showed that a more fused area
of the PMS existed at this time point than at week 12. Thus,
after the 12th week, MaxL growth rate begins to slow and
thus, its increment decreased. This observation is in accord
with the growth patterns described in suture biology [7, 25].

Our study shows that mean MaxL for fetuses during
the 11th and the 13th week was 0.65cm and there exists
a significantly positive correlation between MaxL and ges-
tational weeks (R2= 0.51). MaxL at the 12th week in our
study was longer than in the study by Cicero et al., while it
was shorter at the 13th week in our study than in their study
[4]. Based on these results, we speculate that the ossification
time of the PMS between Chinese Mongoloid and western
Caucasian populations is different which could explain the
different facial morphology or the differences in malocclu-
sion. Taken together with the findings from the Chinese

scientists Zhang et al. [27, 28], we conclude that the ossifi-
cation time of PMS in China is earlier than that in Western
countries. We suggest that the earlier ossification restrains
the maxillary growth in the sagittal direction, which may
lead to a shorter maxillary length and higher morbidity of
Class III malocclusion in eastern Asia [12]. Further, the
ossification time of PMS may occur at different times in
different races. For example, the PMS ossification time for
Caucasians of European origin may be significantly earlier
than in people of African ancestry. This would explain why
Caucasians of European origin have a more obvious ante-
rior spina nasalis than people of African ancestry. A fur-
ther speculation suggests that perhaps when compared with
modern man, Neanderthal individuals had a more promi-
nent midface due to the longer patent time of their PMS
[14].

Although PMS fusion investigated during the various
gestational stages cannot be confirmed by the ultrasono-
graphic technique applied alone, the ultrasonographic scan
is a good way to study the development, growth, and fusion
of the PMS in real time at each gestational stage. However,
due to the very complicated structure of the maxillofacial
suture and the sophisticated mechanism of craniofacial de-
velopment in the first trimester, more in depth investigations
are needed in the future to confirm the role of PMS suture
fusion in the observed morphological variations.
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