
 

 

 University of Groningen

Facial shape; height and width in the second and third trimester of pregnancy
den Boogert, Anne; de Jong-Pleij, Elisabeth; Ribbert, Lucie; Pistorius, Lou; Tromp, Ellen;
Bilardo, Caterina
Published in:
Journal of Maternal-Fetal & Neonatal Medicine

DOI:
10.1080/14767058.2017.1384807

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2019

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
den Boogert, A., de Jong-Pleij, E., Ribbert, L., Pistorius, L., Tromp, E., & Bilardo, C. (2019). Facial shape;
height and width in the second and third trimester of pregnancy. Journal of Maternal-Fetal & Neonatal
Medicine, 32(4), 555-561. https://doi.org/10.1080/14767058.2017.1384807

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 19-11-2022

https://doi.org/10.1080/14767058.2017.1384807
https://research.rug.nl/en/publications/ede0cef7-df41-4b87-84f5-b86f208144ef
https://doi.org/10.1080/14767058.2017.1384807


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ijmf20

The Journal of Maternal-Fetal & Neonatal Medicine

ISSN: 1476-7058 (Print) 1476-4954 (Online) Journal homepage: https://www.tandfonline.com/loi/ijmf20

Facial shape; height and width in the second and
third trimester of pregnancy

Anne den Boogert, Elisabeth de Jong-Pleij, Lucie Ribbert, Lou Pistorius, Ellen
Tromp & Caterina Bilardo

To cite this article: Anne den Boogert, Elisabeth de Jong-Pleij, Lucie Ribbert, Lou Pistorius,
Ellen Tromp & Caterina Bilardo (2019) Facial shape; height and width in the second and third
trimester of pregnancy, The Journal of Maternal-Fetal & Neonatal Medicine, 32:4, 555-561, DOI:
10.1080/14767058.2017.1384807

To link to this article:  https://doi.org/10.1080/14767058.2017.1384807

Published online: 05 Oct 2017.

Submit your article to this journal 

Article views: 36

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=ijmf20
https://www.tandfonline.com/loi/ijmf20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14767058.2017.1384807
https://doi.org/10.1080/14767058.2017.1384807
https://www.tandfonline.com/action/authorSubmission?journalCode=ijmf20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=ijmf20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/14767058.2017.1384807&domain=pdf&date_stamp=2017-10-05
http://crossmark.crossref.org/dialog/?doi=10.1080/14767058.2017.1384807&domain=pdf&date_stamp=2017-10-05


ORIGINAL ARTICLE

Facial shape; height and width in the second and third trimester of
pregnancy

Anne den Boogerta, Elisabeth de Jong-Pleija, Lucie Ribberta, Lou Pistoriusb, Ellen Trompa and
Caterina Bilardoc

aDepartment of Obstetrics and Gynecology, St. Antonius Ziekenhuis, Nieuwegein, The Netherlands; bDepartment of Gynecology and
Obstetrics, Tygerberg Hospital, Tygerberg, South Africa; cDepartment of Fetal Medicine, University Medical Center Groningen,
Groningen, The Netherlands

ABSTRACT
Objectives: The objective of this study is to calculate on 3D volumes obtained from 16 weeks’
gestation normative data of facial height (FH), facial width (FW) and their ratio and to test these
parameters in pathological cases.
Methods: In total, 228 volumes were analyzed: 207 from normal and 21 from pathological cases.
After multiplanar correction to the exact midsagittal plane FH was measured from the nasion to
the gnathion and FW between the most lateral points on the zygomatic arch.
Results: For both FH and FW the intra- and inter-observer intraclass correlation coefficient vari-
ability was 0.99 and the difference between paired measurements was less than 0.3 cm in 95%
of the cases. FH increased from 1.48 to 5.08 cm (FH¼�16.10þ 3.78� log(GA), R2: 0.93) and FW
from 2.20 to 6.42 cm (FW: 4.19–17.18� log(GA), R2: 0.85). The ratio increased steadily until about
25 weeks and less thereafter (ratio: (1/GA)� 26.44þ 0.92, R2: 0.23). In pathological cases 16.6% of
measurements were outside the normal range.
Conclusions: This study provides normative data for FH and FW measurements and insight in
normal facial growth after 16 weeks’ gestation. FH exceeds FW growth especially before 25
weeks.
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Introduction

Prenatal recognition of abnormal fetal features can
provide important information leading to suspicion
and consequent diagnosis of chromosomal disorders
and syndromes [1–3]. Several genetic disorders are
accompanied by an aberrant facial shape. Trisomy 21
fetuses, for instance, tend to have a rounder face,
whereas fetuses with velo-cardio-facial syndrome
(22q11 deletion) have a longer face and fetuses with
Crouzon syndrome a broader face [3]. These typical
features are observed after birth, but little is known of
the development of the facial shape throughout gesta-
tion in normal and abnormal cases.

Previous studies have investigated several sono-
graphic facial features with two-dimensional (2D) ultra-
sound [4,5]. The more recent three-dimensional (3D)
technique has shown to be of additional value in
obstetric sonographic examinations, by enabling visu-
alization of especially curved fetal structures with a
high reproducibility and a success rate similar to 2D
[6–9].

Although an experienced sonographer might
suspect an abnormality based solely on subjective
recognition, it is important to define objective
measurements for accurate diagnostics, comparison,
documentation and follow-up.

The aim of this study was to provide quantitative
data on facial height (FH), facial width (FW) and facial
shape (HF/FW ratio) obtained from 3D volumes in the
second and third trimester of pregnancy. These nor-
mative data may define changes in shape of the grow-
ing fetal face. We also measured FH and FW in a
number of pathological cases.

Material and methods

The study was approved by the local ethics committee
and all women gave written consent. FH and FW were
measured in volumes collected cross-sectionally from
healthy, low-risk, pregnant Caucasian women with a
singleton and uncomplicated pregnancy. We deter-
mined gestational age according to the last menstrual
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period and by a first trimester dating scan. The second
group consisted of stored volumes from 21 anomalous
fetuses.

The examinations were carried out transabdomi-
nally, using a Voluson 730 Expert or an E8 ultrasound
system (GE Medical Systems, Zipf, Austria). All ultra-
sound examinations were carried out by one experi-
enced ultrasonographer (E. J. P.). When the fetus was
facing the transducer with closed mouth, 3D volumes
of the fetal head were acquired, starting at the mid-
sagittal plane. An attempt was made to collect at least
two volumes per fetus. The volumes were stored on
removable digital media for subsequent analysis on 4D
View software version 10.5 (GE Medical Systems, Zipf,
Austria). Fetal gender was also assessed.

For each fetus, the volume with the clearest images
was selected for further analysis. By use of the multi-
planar mode (simultaneous display of the three per-
pendicular planes) in 4D View, the face was rotated to
a coronal view in Box A, profile view in Box B and axial
view in Box C and corrected to the exact midsagittal
plane (Figure 1). The degrees of rotation on the fetal
y-axis necessary to obtain this plane were noted. For
standardized fetal head position the fetal profile line
was turned vertically, thereby aligning the lower part
of the forehead above the anterior part of the man-
dible [10]. The FH, visible in Box B, was defined as the
distance between the nasion and the gnathion, with
the nasion being the most anterior point at the inter-
section of the frontal and nasal bones and the gna-
thion the lowest point in the midline of the mandible.
In case of a gap between the nasal and frontal bones
in the midsagittal view, we defined the nasion land-
mark at the point of intersection between the lines

tangential to both bones. FW, measured in Box C, was
assessed in the axial planet below the orbits by meas-
uring the distance between the exact midsagittal point
and the most lateral point on the zygomatic arch on
the best measurable side of the fetal face. The Box A
was used to verify or the most lateral point on the
zygomatic arch was identified (Figure 1). Based on pre-
vious sonographic investigations, suggesting that no
significant right–left difference is to be expected, and
taking into account the measurement is most reliable
at the best visualized side, we calculated the FW by
doubling the unilateral measurement [11]. We used
the “distance between two lines” feature in 4D view to
establish this distance (Figure 1). The facial shape was
defined by the ratio of FH divided by FW. Volume con-
trast imaging was used where necessary to improve
the image quality. Navigating with the multiplanar
mode was frequently used in order to identify the
exact landmarks. All measurements were performed by
a single observer (A. G. B.).

Each measurement was given a subjective difficulty
score (DS), ranging from 1 (low) to 3 (high), according
to the time and effort it took to measure.

Measurement error was assessed by the intraclass
correlation coefficient (ICC) and the Bland–Altman ana-
lysis [12] on randomly chosen paired volumes with at
least 3 d between two assessments. For intero-bserver
(second observer: E. J. P.) and intrao-bserver assess-
ment 60 and 30 randomly selected cases were used,
respectively. Ideally, a proper variability study is per-
formed not only by remeasuring distances in stored
volumes, but also by repeating the volume capturing
and reacquiring the desired image. In our study, stored
volumes were used; therefore, our results should be

Figure 1. Multiplanar mode showing facial height measurement in Box B and facial width measurement in Boxes A and C.
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interpreted as assessing the measurement error of
inter- and intra-observer measurements.

Data were analyzed using the statistical software
SPSS version 19.0 for Windows (SPSS Inc, Chicago, IL)
and Excel for Windows 2010. From all parameters
(absolute measurements and ratios), the 5th, 50th and
95th percentiles were determined. The best fit polyno-
mial line was used for constructing reference ranges.
Correlations were determined by Pearson’s correlation
test. For gender differences, a t-test was performed.
Differences in difficulty score were assessed by one-
way ANOVA testing with an additional Bonferroni test.
p value< .05 was considered statistically significant.

Results

The cross-sectional study group included 254 normal
Caucasian fetuses. The gestational age ranged
between 15þ 4 and 36þ 6 weeks (mean: 24þ 4
weeks). In 13 cases, no volume was stored because of
unfavorable position of the fetus. Only high-quality
volumes were selected, resulting in the inclusion of
207 cases. FH was measurable in 203 and FW in 151
cases. Rotation around the y-axis of a fetus applied to
obtain the exact midsagittal profile varied between 2�

and 39�. Our experience was that a volume taken with
a starting plane between 10� and 20� around the
y-axis of the fetus was most suitable for analyzing
both the sagittal as the axial plane.

FH measurements increased from 1.48 to 5.08 cm,
showing a logarithmic correlation with gestational age
(FH¼�16.10þ 3.78� log(GA), R2: 0.93) (Figure 2).
Gestational age and FH were highly correlated (0.96, p
value: < .001). No significant facial height difference
was found between boys and girls (109 and 84 cases,
respectively).

FW measurements also showed a logarithmic
increase from 2.20 to 6.42 cm (FW¼ 4.19� 17.18�
log(GA), R2: 0.85) with a significant correlation with
gestational age (0.92, p value: < .001) (Figure 3). A
significant difference in FW between boys and girls
(82 and 61 cases, respectively) was only found beyond
28 weeks of gestation, with boys having on average
a 0.44 cm wider FW at a mean gestational age
30þ 3 weeks (p value: 0.01).

The FH/FW ratio increased from 0.56 to 0.79. The
measurement increased steadily until about 25 weeks
and more moderately thereafter (mean: 0.75, SD: 0.07),
(ratio: (1/GA)� 26.44þ 0.92, R2: 0.23) (Figure 4). A sig-
nificant correlation between gestational age and the
ratio was found (0.45, p value: < .001).

The DS for measuring the FH was not influenced by
the gestational age, whereas the measurement of FW

became significantly more difficult with advancing ges-
tation (at advanced GA a DS of three was more often
scored than a DS of one; p value:< .01) (Table 1).

The inter-observer ICC variability was 0.99 for both
FH and FW measurements. The mean difference and
95% limit of agreements between paired inter-obser-
ver measurements were 0.005 (�0.21–0.22) and 0.023
(�0.29 to 0.34) cm for FH and FW, respectively. The
intra-observer ICC variability was >0.99 for both FH
and FW measurements. For paired measurements per-
formed by one observer, the mean difference and 95%
limits of agreement were 0.014 (�0.11–0.19) and
�0.01 (�0.33 to 0.31) cm for FH and FW, respectively.

We examined a total of 21 pathological cases, of
which 11 cases of trisomy 21, two cases of thanato-
phoric dysplasia type 1 – without cloverleaf skull, one
case of thanatophoric dysplasia type 2 – with clover-
leaf skull, three cases of bilateral cleft lip and one case
of campomelic dysplasia, acrofacial dysostosis, trisomy
18 and Apert syndrome, respectively. We used the nor-
mal range values assessed in this study. A measure-
ment between the 5th and the 95th percentile was
defined as normal. The results are presented in
Table 2. In three of the 11 cases with confirmed Down
syndrome, FH or FW was outside the normal range. In
two of the three cases with a facial cleft, the FH was
below the normal range. In the case with campomelic
dysplasia FH was below the normal range. In the fetus
with Apert syndrome, the FH was at the upper limit

Figure 2. Scatterplot of facial height measurements against
gestational age with reference curves (mean, 5th and 95th
percentiles) derived from normal fetuses (facial
height¼�16.10þ 3.78� log(GA), R2: 0.93).
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and the FW above the normal range. Overall 16.6% of
the facial measurements in these fetuses fell outside
the normal ranges.

Discussion

In this study, we present second and third trimester
nomograms for fetal facial height and width measured
in 3D volumes corrected by multiplanar mode. For
each fetus, a single volume was used for both

Figure 3. Scatterplot of facial width measurements against gestational age with reference curves (mean, 5th and 95th percentiles)
derived from normal fetuses (facial width ¼4.19� 17.18� log(GA), R2: 0.85).

Figure 4. Scatterplot of the ratio (facial height divided by
facial width) against gestational age with reference curves
(mean, 5th and 95th percentiles) derived from normal fetuses
(ratio: (1/GA)� 26.44þ 0.92, R2: 0.23).

Table 1. Difficulty score (DS) for facial height (FH) and facial
width (FW) measurements with mean gestational age (days).

DS 1 DS 2 DS 3

FH
N. 79 41 25
Mean GA (SD) 165.72 (40.7) 175.22 (37.5) 185.44 (29.7) NS

FW
N. 35 25 38
Mean GA (SD) 147.54 (24.3) 167.72 (39.7) 180.05 (37.1) p< .01a

aOne-way ANOVA testing showed a significant difference in gestational
age between DS 1 and 3; DS: difficulty score; FH: facial height; FW: facial
width; N: number; GA: gestational age (days); SD: standard deviation; NS:
not significant.
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measurements. A significant logarithmic increase in
facial height (1.48–5.08 cm) and width (2.20–6.42 cm)
was observed between 16 and 36 weeks’ gestation.
Facial shape defined by the ratio of height divided by
width shows a steady increase with slight flattening in
the third trimester.

Although the face is a complex structure not easily
encompassed in simple measurements, these measure-
ments give an overall basic impression of the facial
shape.

Facial height and width were measured according
to techniques described in the literature [13–18]. The
amount of subcutaneous adipose tissue is known to
increase in the third trimester fetus, and is strongly
influenced by various individual maternal, paternal and
fetal factors. To minimize these influences on our
measurements, we used bony instead of soft tissue
landmarks as opposed to measurements after birth.

As the face is a complex curved structure a standar-
dized head position seems necessary to obtain repro-
ducible measurements. After birth, the head can be
placed in standard position using the Frankfurt hori-
zontal plane [16]. This is not possible prenatally. To
obtain a standard position in this study we, therefore,
used the fetal profile line [10].

The progressive increase in FH/FW ratio indicates a
relatively greater increment in facial height compared
to width, especially before 25 weeks’ gestation. This
indicates that there is an elongation in the shape of
the face. This growth pattern (faster growth in height

than in width) seems to continue after birth, as illus-
trated by Farkas who noted a strong increase in FH/
FW ratio of 19% (0.7–0.83) in the first 5 years of life
[19].

The facial shape appears not related to gender,
apart from the significantly larger width in boys
beyond 28 weeks’ gestation. Previous studies con-
ducted by Merlob [20] and Chambers [21] report a
lack of significant difference in male and female faces.

Measurement of the facial shape can be performed
in a single 3D volume, with a low intra- and inter-
observer measurement error. Not surprisingly, meas-
urements were more difficult to perform at more
advanced gestational age; this was especially the case
for FW measurements (Table 1). Later in gestation
more shadow caused by bony structures, in combin-
ation with a more frequent unfavorable fetal position
often hampered identification of the landmarks. The
higher dropout rate for FW compared with FH meas-
urements may be explained by the fact that volumes
were taken from the profile view according to the ori-
ginal study design. However, during the study, a slight
deviation from the exact midsagittal profile view
seemed more favorable to identify landmarks neces-
sary to measure FW. Furthermore, the increase in fat
tissue seems to make the delineation of bony struc-
tures more difficult at advanced gestational ages espe-
cially effecting FW measurements. The multiplanar
mode proved to be very useful in finding the most lat-
eral point of the zygomatic arch, by comparing the FW

Table 2. Facial height (FH), facial width (FW) and the ratio (FH/FW) of 21 pathological fetuses.

Abnormality
Genetic

confirmation GA weeks (days) FH FW Ratio

1 Trisomy 21 Yes 26þ 1 (183) 4.17þþ 4.68 0.89
2 Trisomy 21 Yes 30þ 2 (212) 4.36 5.3 0.82
3 Trisomy 21 Yes 22þ 1 (155) 3.1 4.18 0.74
4 Trisomy 21 Yes 30þ 4 (214) 4.15 5.82 0.71
5 Trisomy 21 Yes 31þ 2 (219) 4.15 4.84 0.86
6 Trisomy 21 Yes 21þ 2 (149) 3.28þþ 4.06 0.81
7 Trisomy 21 Yes 33þ 2 (233) 4.26 4.72� � 0.90
8 Trisomy 21 Yes 17þ 4 (123) 1.88 3.08 0.61
9 Trisomy 21 Yes 24þ 4 (172) 3.02� 4.12 0.73
10 Trisomy 21 Yes 33þ 5 (236) 4.55 5.74 0.79
11 Trisomy 21 Yes 25þ 4 (179) 3.58 4.2 0.85

12 Thanatophoric dysplasia type 1 Yes 19þ 5 (138) 2.43 3.56 0.68
13 Thanatophoric dysplasia type 1 Yes 20þ 6 (146) 2.38� 3.6 0.66
14 Thanatophoric dysplasia type 2 Yes 21þ 2 (149) 2.6 4 0.65

15 Bilateral cleft lip No 25þ 3 (178) 2.95� � 4.22 0.70
16 Bilateral cleft lip�Wolf Hirschorn Syndrome Yes 21þ 3 (150) 2.34� � 3.56 0.66
17 Bilateral cleft lip No 27þ 1 (190) 3.7 5.06 0.73

18 Campomelic dysplasia Yes 20þ 5 (145) 3.22� � 4.22 0.76
18 Acrofacial dysostosis No 32þ 0 (224) 4.33 4.8 0.90
20 Trisomy 18 Yes 20þ 4 (144) 2.43 3.12 0.78
21 Apert Syndrome Yes 32þ 1 (225) 4.67þ 6.4þþ 0.73

GA: gestational age in weeks (days); FH: facial height; FW: facial width; ratio: facial height/facial width; þþ:> 95th percentile; þ: normal range, near
95th percentile;��:< 5th percentile; �: normal range, near 5th percentile.
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distances on both coronal and axial view simultan-
eously (Figure 1).

The pathological group consisted of 21 cases with a
variety of genetic and structural anomalies. Three of
the 22 FH or FW measurements (14%) in the trisomy
21 group were above the 95th or below the 5th per-
centile. These findings confirm the conclusions of a
study performed by Farkas, who analyzed 25 measure-
ments in six craniofacial regions several facial features
in children and adults with Down’s syndrome. He
found that more than half of the facial measurements
were normal [22].

However, it is of note that 30% of the our measure-
ments in the other pathological cases (six out of 20
values) were outside or close to the lower or upper
limit of the norm (Table 2). Considering the limited
number and diversity of pathological case it may well
be possible that higher numbers of the same patholo-
gies would show a trend. Of all pathological cases, the
ratios were within the normal range, suggesting that
calculation of ratios is prenatally less useful than FH or
FW measurements alone.

Only a few previous studies have analyzed the nor-
mal facial growth in utero. Escobar [11] performed a
morphometric analysis of the fetal craniofacies by 2D
ultrasound at 16, 26 and 36 weeks of gestation. The
growth rate for both height and width over the first
10-week period (16–26 weeks) exceeded that of the
second period (26–36 weeks), which is consistent with
our findings. More recently, Roelfsema assessed by 3D
the changes of various facial features including the
height, width and ratio [23]. In their publication, solely
the ratio was displayed as a nomogram. In contrast to
our finding, the authors found a steeper increase in
width compared with height with advancing gestation,
resulting in a slightly linear decrease in ratio with ges-
tational age. The authors included soft tissue land-
marks in the measurements, hampering comparison
between the two studies.

In a postmortem study, Chambers assessed normal
ranges of anthropometric facial height measurements
in 260 s trimester autopsies (13–26 weeks’ gestation)
[21]. The chin-nasion measurements showed a linear
increase throughout gestation.

In this study, only Caucasian, second and third tri-
mester fetuses were included and 3D ultrasound was
used. The findings in this study will not have direct
clinical applications, but the nomograms constitute a
basis for future research. In this study, only Caucasian,
second and third trimester fetuses were included and
3D ultrasound was used; therefore, the results may not
be applicable to non-Caucasian fetuses, the first tri-
mester, and 2D images.

In conclusion, we have presented normative data
on FH, FW and the FH/FW ratio of normal second and
third trimester fetuses elucidating the dynamics of nor-
mal facial growth throughout gestation. More pro-
spective studies are needed to establish a possible
diagnostic role for these measurements in fetal
dysmorphology.
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