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Methods: This cross-sectional observational study was conducted based on ultrasound
images obtained at an institutional centre specialised in Prenatal Diagnosis. A total of 108
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fetuses between 10 and 26 weeks of gestation were included, of which 90 corresponded

Philtrum

to normal pregnancies and 18 to pregnancies diagnosed with fetal pathology. The fetal

Face

philtrum study was performed by ultrasound during a routine evaluation for each fetus.

Prenatal diagnosis

Fetal philtrum length was measured by ultrasonography, based on a mid-sagittal plane from

Ultrasound

the posterior border of the columella to the top of the upper lip. Data analysis was conducted
through predictive models.
Results: The best regression model for predicting the philtrum length between the 10th and
26th gestational weeks was the linear one (without constant). This model, defined by the
equation ŷ = 0.294 × (R2 = 0.970, p = 0.001), represents a 0.294 mm increase of the philtrum
length per week of gestation. No statistically significant differences were found in the mean
value of the philtrum length, either in the presence or absence of fetal pathology.
Conclusions: This study provides additional data about the growth pattern of the philtrum in
early stages of gestation and offers a simpler way to identify alterations in the philtrum
length. However, more studies with larger samples are needed to understand better
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the relationship between philtrum anomalies and craniofacial abnormalities in order to
obtain a more accurate prenatal diagnosis.
© 2016 Sociedade Portuguesa de Estomatologia e Medicina Dentária. Published by Elsevier
España, S.L.U. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Padrão de crescimento do filtro em casos de desenvolvimento fetal
normal e patológico
r e s u m o
Palavras-chave:

Objetivos: Determinar o comprimento do filtro labial fetal em idades gestacionais precoces

Filtro labial

e compreender o seu crescimento ao longo da gestação em casos de desenvolvimento fetal

Face

normal e patológico.

Diagnóstico pré-natal

Métodos: Este estudo, observacional transversal, foi desenvolvido com base em imagens

Ultrassonografia

ultrassonográficas obtidas num centro institucional especializado em diagnóstico pré-natal.
Um total de 108 fetos foram incluídos, entre a 10a e a 26a semana de gestação, dos quais
90 corresponderam a gestações normais e 18 a gestações patológicas. O estudo do filtro fetal
foi realizado durante um exame ultrassonográfico de rotina para cada caso. O comprimento
do filtro fetal foi medido num plano sagital médio ecográfico do bordo posterior da columela
ao topo do lábio superior. A análise dos dados foi realizada através de modelos preditivos.
Resultados: O melhor modelo de regressão para prever o comprimento do filtro, entre a 10a
e a 26a semana de gestação foi o linear (sem constante). Este modelo, definido pela equação
ŷ = 0.294 × (R2 = 0.970, p = 0.001), representa um aumento de 0,294 mm no comprimento do
filtro por semana de gestação. Não foram detetadas diferenças estatisticamente significativas no valor médio do comprimento do filtro, tanto na presença ou ausência de patologia
fetal.
Conclusões: Este estudo fornece dados adicionais sobre o padrão de crescimento do filtro
fetal em idades gestacionais precoces e oferece uma forma simples de identificar alterações
no comprimento do mesmo. Contudo, tornam-se necessários mais estudos com amostras
maiores para uma melhor compreensão da relação entre as anomalias do filtro e as anomalias craniofaciais de forma a permitir um diagnóstico pré-natal mais preciso.
© 2016 Sociedade Portuguesa de Estomatologia e Medicina Dentária. Publicado por
Elsevier España, S.L.U. Este é um artigo Open Access sob uma licença CC BY-NC-ND (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction
Facial anomalies can occur isolated or associated with
chromosomal anomalies or syndromes related to a disproportionate growth of fetal facial features.1,2 The most
reported defects include an atypical profile, orbital dysplasia, low-set ears, hyper- or hypotelorism, retrognathia, and
micrognathia.2,3 Since some of these defects can be prenatally
diagnosed, the ultrasonographic study of the fetal face has
become relevant to routine prenatal screening,3 especially in
high-risk pregnancies.4 Although the ultrasonographic study
can also be based on three-dimensional (3D) ultrasound
images, two-dimensional (2D) ultrasonography has shown to
be easier, quicker, more efficient, and more accurate.3 Several
ultrasound studies on facial parameters have proposed different nomograms for the forehead,5 the orbits,6,7 the nose,8,9 the
alveolar ridge,10 the mandible,11 the philtrum, and the chin.12
The early diagnosis and characterisation by ultrasound of
some pathologies associated with orofacial features can allow
the dentist in planning posterior treatments. In these type of
cases, when the orofacial anomalies present result in physical

disabilities, the dentist should adopt an active role since the
counselling to the treatment in order to provide the best prognosis to the parents with a prenatal diagnosis of a craniofacial
malformation.13–17
Regarding philtrum evaluation, one of the examples of
the facial features that can be assessed by prenatal ultrasound, the detection of an abnormal length (too short or
too long) constitutes a typical feature of several dysmorphological syndromes.1,18,19 The fetal alcohol syndrome is
probably the most documented one associated with teratogenic exposure.12 Other teratogens, such as carbamazepine
and valproate, are also associated with fetal syndromes characterised by several findings, including a long philtrum.
Despite its clinical importance, recognised in paediatrics,
the evaluation of the fetal philtrum length (FPL) was initially
based on subjective criteria. Currently, sonographic nomograms are available for in term and preterm neonates20 and
for fetus from the 13th week of gestation.12 In most cases,
the assessment of fetal facial profiles on the same plane as
the philtrum is possible from the 12th week of gestation.3,21
However, since the fetal philtrum is formed around the 7th
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week of gestation,22 our study intended to evaluate this structure at earlier stages of gestation. This study also aimed to
perceive the development of the fetal philtrum through different gestational ages in cases of normal and pathological fetal
development due to its known association with numerous
syndromes and to the absence of studies considering pathological cases.

Materials and methods
An observational cross-sectional ultrasound study, over a 2year period, was conducted on a total of 108 fetuses, normal
and with pathology, between 10 and 26 weeks of gestation,
which were followed at a specialised institutional centre
for Prenatal Diagnosis of Centro Hospitalar de Vila Nova de
Gaia/Espinho. The exclusion criteria adopted consisted in the
presence of maternal or fetal limitations for image acquisition.
Fetuses of older gestational ages (from the 27th week of gestation) were also excluded due to the small number obtained.
The study was approved by the ethics committee of the Dental Medicine Faculty of the University of Porto and authorised
by the Portuguese Data Protection Authority. The cases diagnosed with fetal pathology were classified according to the
International Classification of Diseases (ICD-10). The gestational age at the screening date was determined based on the
last menstrual period and confirmed by the ultrasonography
of the first trimester, except when the two references differed
in more than seven days, in which case only the last one was
considered.
All ultrasound examinations were performed using a GE
®
E8 Voluson (GE Medical Systems, Tiefenbach, Zipf, Austria)
ultrasound system with an abdominal transducer (RAB4-8-D)
and a curved array transducer (C1-5-D).
The fetal philtrum assessment was made only once during
pregnancy in a routine ultrasound evaluation after written
informed consent. For all examinations the mid-sagittal
plane was obtained only by a single operator. The FPL was
measured with electronic callipers from the posterior border
of the columella to the top of the upper lip, as described by a
previous study12 (Fig. 1).

Fig. 1 – Sonographic measurement of the philtrum length
at 13 weeks of gestation.

Table 1 – Descriptive statistics of the fetal philtrum
length (FPL) by fetuses with and without pathology.
Fetal pathology
FPL (mm)
Valid N
Mean
Standard deviation
Median
Maximum
Minimum
Percentile 5
Percentile 95

Absent

Present

Total

90
4.46
1.71
3.70
9.30
2.00
2.70
7.60

18
4.82
1.36
4.20
7.80
3.30
3.30
7.30

108
4.52
1.66
3.90
9.30
2.00
2.80
7.60

Statistical analysis was performed using IBM® SPSS®
Statistics (version 23.0) and R® version 3.1.1 (2014–07-10). The
statistical evaluation consisted in sample characterisation
and determination of the best predictive model for FPL measurement. Simple regression models (linear and nonlinear)
were used, as we have a single continuous predictor variable
(gestational age, G). The t-Student test for independent samples was applied to detect differences between normal and
pathological groups. Predictions were based on a 95% confidence interval. The recognition of statistical evidence for
values of p < 0.05 was the decision rule.
The Intra-observer variability was assessed by intraclass
correlation coefficient and Bland–Altman analysis was used
to evaluate the concordance between the measurements on
20% of the study sample randomly chosen, in two distinctive
moments.

Results
In this study, 108 fetuses were considered, of which 90 presented a normal fetal development and 18 a pathological
development. Chromosomal anomalies (n = 8, 44.4%) were
the most prevalent pathologies, followed by central nervous
system anomalies (n = 4, 22.2%) and musculoskeletal system
anomalies (n = 3, 16.6%). On the other hand, genitourinary system anomalies, circulatory system anomalies, and metabolic
diseases were the less prevalent pathologies (n = 1, 5.6%, each).
The median maternal age was 35 (range, 15–45; mean ± SD,
34.2 ± 6.1) years. The gestational age ranged from 10 to 26
(median 13.0; mean ± SD, 15.6 ± 4.2) weeks of gestation. Table 1
shows the descriptive statistics of FPL for fetuses with and
without pathology.
The t-Student test for independent samples (t = −0.831,
df = 106, p = 0.408 > 0.05) showed no statistically significant differences in the mean FPL of both normal and pathological
groups. Since there were no significant differences in our sample regarding the presence of fetal pathology, the development
of FPL by gestational age was evaluated for all valid cases
(N = 108). This evaluation was conducted using the Gompertz
model (a nonlinear regression), based on a previous study,12
and the linear regression model (with and without constant)
(Table 2). For each model, the dependent variable was the FPL
(y) and the independent variable was the gestational age in
weeks (x) (Fig. 2).
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Table 2 – Regression equations for FPL according to gestational age in weeks.
Expression

R2

Significance

ŷ = exp(2.752 − (19.085/x))
ŷ = −0.891 + 0.347x
ŷ = 0.294x

0.788
0.767
0.970

p < 0.001
p < 0.001
p < 0.001

Model
Gompertz S curve
Linear
Linear (without constant)

10.00

10

9.00

9

8.00

8

7.00

7

6.00

6

5.00

y

Fetal philtrum length (mm)

Legend: ŷ, Predicted value; R2 , coefficient of determination.

5

4.00
4
3.00

Observed
Linear model
Gompertz model
Linear model (without const.)

2.00
1.00

9

11

13

15

17

19

21

23

25

3
2
27

Linear model (without const)
LL for 95%CI
UL for 95%CI
Observed

1

Gestational age (weeks)
0

Fig. 2 – Scatter plot for the estimated models and observed
values.
A residual analysis was performed to validate each regression model. For all models, the quantile–quantile plot (Q–Q
plot) graphical method was used to assess the normality
of residuals. The homogeneity of the residual variance was
evaluated based on the graph of residuals versus the FPL estimated values for detecting non-conforming behaviour. Finally,
interval estimates were applied to test if the mean of residuals
was zero, establishing a 95% confidence interval for the mean
of residuals of each model. Although all the considered regression models were statistically valid, the best in predicting FPL
was the linear one (without constant) because it presented
the higher coefficient of determination (R2 = 0.970). This finding means that 97.0% of the model results can be explained by
variation in x values (Fig. 3).
The elected regression model for gestational ages between
10 and 26 weeks is described by the equation ŷ = 0.294x and
represents a 0.294-mm increase on FPL per week of gestational
age.

Discussion
Prenatal detection of abnormal facial features, such as
philtrum length anomalies, can be isolated or associated
with many syndromes. Nomograms of in term and preterm
neonates from 27 to 41 gestational weeks,20 nomograms of
autopsy measurements of fetuses between the 13 and 26
weeks of gestation,23 and sonographic nomograms from as
early as the 13th week of gestation of the second trimester12
are already available for an objective FPL measurement.
Comparatively, our data concerns earlier weeks of gestation
and, therefore, provides additional information on the fetal
philtrum growth during pregnancy. Moreover, our study, fol-

9

11

13

15

17

19

21

23

25

27 x

Fig. 3 – Fitted model with respective 95% CI limits.

lowing of another study,23 considered other regression models
for predicting fetal philtrum growth, besides the S-curve
(Gompertz) model referred by the first study mentioned,12
which had an R2 of 85.3%. In our study, the linear model (without constant) had an R2 of 97.0%, being higher than the one
similar to ours23 (R2 of 46.5%), and, thus, was the best model
for predicting the prenatal diagnosis and the easiest to interpret. Furthermore, our data demonstrated a close concordance
with those last23 regarding the determined 95% confidence
interval limits. For clinical purposes, the FPL expected values and the respective 95% confidence interval limits at the
considered gestational ages are summarised in Table 3. In
the evaluation of measurement error at two different times
in 20% of the sample, the Student’s t test for paired samples
showed that there were no statistically significant differences
in the average value of the measurements (t = 0.640, df = 12,
p = 0.534). As the standard error calculated for these pairs is
about 0.123 mm, which is very small in relation to the measure performed, the results probably were not influenced by
these. FPL was also studied in normal versus pathological
pregnancies but, contrary to what had been expected, no significant differences were detected. The maternal age of our
sample does not seem to have influenced the results since
the Mann–Whitney test revealed no statistically significant
differences (U = 646, p = 0.175 > 0.05) in mean values of maternal age between groups of fetuses (with and without disease).
These results may be explained by the sample dimension of
our study and/or by the nature of the fetal pathology present.
So, the sample size can be considered a limitation of this study.
Therefore, more studies, with larger samples are needed to
understand if this relation is significant in some types of fetal
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Table 3 – Expected linear measurements (in millimetres)
and respective 95% confidence interval limits at various
gestational ages.
Gestational
age (weeks)

FPL expected
value (in mm)

95% confidence interval
for FPL individual values
Lower limit

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

2.94
3.23
3.53
3.82
4.11
4.41
4.70
4.99
5.29
5.58
5.88
6.17
6.46
6.76
7.05
7.34
7.64

1.28
1.58
1.87
2.16
2.46
2.75
3.04
3.34
3.63
3.92
4.21
4.51
4.80
5.09
5.38
5.68
5.97

Upper limit
4.59
4.88
5.18
5.47
5.77
6.06
6.36
6.65
6.95
7.24
7.54
7.83
8.13
8.42
8.72
9.01
9.31

pathologies and to establish the clinical utility and applicability of these data in congenital abnormalities diagnosis.

Conclusions
This study provides additional data about the growth pattern
of the fetal philtrum according to gestational age. It also offers
a way for identifying alterations in FPL that can serve as a
tool in the prenatal diagnosis of syndromes including facial
anomalies.

Ethical disclosures
Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.
Confidentiality of data. The authors declare that they have followed the protocols of their work centre on the publication of
patient data.
Right to privacy and informed consent. The authors have
obtained the written informed consent of the patients or subjects mentioned in the article. The corresponding author is in
possession of this document.

Conflicts of interest
The authors declare no conflicts of interest.

references

1. Jones KL. Smith’s recognizable patterns of human
malformations. Philadelphia: Saunders; 1997.

227

2. Merz E, Weber G, Bahlmann F, Miric-Tesanic D. Application of
transvaginal and abdominal three-dimensional ultrasound
for the detection or exclusion of malformations of the fetal
face. Ultrasound Obstet Gynecol. 1997;9:237–43.
3. Goldstein I, Tamir A, Wiener Z, Jakobi P. Dimensions of the
fetal facial profile in normal pregnancy. Ultrasound Obstet
Gynecol. 2010;35:191–4.
4. Pretorius D, Nelson TR. Fetal face: visualization using
three-dimensional ultrasonography. J Ultrasound Med.
1995;14:349–56.
5. Goldstein I, Reece EA, Pilu G, O’Connor TZ, Lockwood CJ,
Hobbins JC. Sonographic assessment of the fetal frontal lobe:
a potential tool for prenatal diagnosis of microcephaly. Am J
Obstet Gynecol. 1988;158:1057–62.
6. Achiron R, Gottlieb Z, Yaron Y, Gabbay M, Gabbay U, Lipitz S,
et al. The development of the fetal eye: in utero
ultrasonographic measurements of the vitreous and lens.
Prenat Diagn. 1995;15:155–60.
7. Goldstein I, Tamir A, Zimmer EZ, Itskovitz-Eldor J. Growth of
the fetal orbit and lens in normal pregnancies. Ultrasound
Obstet Gynecol. 1998;12:175–9.
8. Guis F, Ville Y, Vincent Y, Doumerc S, Pons JC, Frydman R.
Ultrasound evaluation of the length of the fetal nasal bones
throughout gestation. Ultrasound Obstet Gynecol.
1995;5:304–7.
9. Goldstein I, Tamir A, Itskovitz-Eldor J, Zimmer EZ. Growth
of the fetal nose width and nostril distance in normal
pregnancies. Ultrasound Obstet Gynecol. 1997;9:35–8.
10. Goldstein I, Jakobi P, Tamir A, Goldstick O. Nomogram of the
fetal alveolar ridge: a possible screening tool for the detection
of primary cleft palate. Ultrasound Obstet Gynecol.
1999;14:333–7.
11. Chitty LS, Campbell S, Altman DG. Measurement of the fetal
mandible – feasibility and construction of a centile chart.
Prenat Diagn. 1993;13:749–56.
12. Gull I, Wolman I, Merlob P, Jaffa AJ, Lessing JB, Yaron Y.
Nomograms for the sonographic measurement of the fetal
philtrum and chin. Fetal Diagn Ther. 2005;20:127–31.
13. Shetty V, Vyas HJ, Sharma SM, Sailer HF. A comparison of
results using nasoalveolar moulding in cleft infants treated
within 1 month of life versus those treated after this period:
development of a new protocol. Int J Oral Maxillofac Surg.
2012;41:28–36.
14. Kamble VD, Parkhedkar RD, Sarin SP, Patil PG, Kothari B.
Simplifying cleft surgery by presurgical nasoalveolar molding
(PNAM) for infant born with unilateral cleft lip, alveolus,
and palate: a clinical report. J Prosthodont Res. 2013, pii:
S1883-1958 (13)00039-X.
15. Grayson BH, Shetye PR. Presurgical nasoalveolar molding
treatment in cleft lip and palate patients. Indian J Plast Surg.
2009;42. S56-S6.
16. Grayson BH, Cutting CB. Presurgical nasoalveolar orthopedic
molding in primary correction of the nose, lip and alveolus of
infants born with unilateral and bilateral clefts. Cleft Palate
Craniofac J. 2001;38:193–8.
17. Ahmed MM, Brecht LE, Cutting CB, Grayson BH. 2012
American Board of Pediatric Dentistry College of Diplomates
annual meeting: the role of pediatric dentists in the
presurgical treatment of infants with cleft lip/cleft palate
utilizing nasoalveolar molding. Pediatr Dent. 2012;34:
e209–14.
18. Ioan D, Dumitriu L, Ghergar D, Pop T, Ioanitiu D, Belengeanu V,
et al. A 22-year old female with the 9p deletion syndrome.
Endocrinologie. 1990;28:37–9.
19. Sase M, Hasegawa K, Honda R, Sumie M, Nakata M, Sugino N,
et al. Ultrasonographic findings of facial dysmorphism
in Wolf-Hirschhorn syndrome. Am J Perinatol. 2005;22:
99–102.

Document downloaded from http://www.elsevier.es, day 25/06/2018. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

228

r e v p o r t e s t o m a t o l m e d d e n t c i r m a x i l o f a c . 2 0 1 6;5 7(4):223–228

20. Merlob P, Sivan Y, Reisner SH. Anthropometric measurements
of the newborn infant (27 to 41 gestational weeks). Birth
Defects. 1984;20:1–52.
21. Ko HS, Lee U-Y, Choi SK, Park Y-G, Park IY, Shin JC. Nasolabial
dimensions of the facial profile at 20 to 37 weeks’ gestation
on 2- and 3-dimensional sonography in normal Korean
foetuses. J Ultrasound Med. 2013;32:617–24.

22. Avery J. Crecimiento facial prenatal. In: Moyers R, editor.
Manual de ortodoncia. Buenos Aires: Editorial Médica
Panamericana; 1992. p. 18–36.
23. Chambers HM, Knowles S, Staples A, Tamblyn M, Haan EA.
Anthropometric measurements in the second trimester fetus.
Early Hum Dev. 1993;33:45–59.

