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ABSTRACT

Objective To determine whether the prefrontal space ratio
(PSFR), inferior facial (IFA) and maxilla-nasion-mandible angle
(MNM), and the fetal profile line (FPL) are helpful in identifying
fetuses with Robin sequence (RS) in cases with isolated retro-
gnathia, and thus better predict the likelihood of immediate
need for postnatal respiratory support.

Methods This was a retrospective matched case-control
study of fetuses/infants with isolated retrognathia with or
without RS receiving pre- and postnatal treatment at the Uni-
versity Hospital of Tiibingen, Germany between 2008 and
2020. The PFSR, IFA, MNM, and FPL were measured in affec-

ted and normal fetuses according to standardized protocols.
Cases were stratified into isolated retrognathia and RS.
Results 21 (n =7 isolated retrognathia, n =14 RS) affected fe-
tuses and 252 normal fetuses were included. Their median ge-
stational age at ultrasound examination was 23.6 and 24.1
weeks, respectively. In fetuses with isolated retrognathia and
RS, the PSFR, IFA, and FPL were significantly different from the
normal population. At a false-positive rate of 5%, the detec-
tion rate was 76.2% for the PFSR, 85.7 % for the IFA, and
90.5 % for both parameters combined. However, all param-
eters failed to distinguish between isolated retrognathia and
RS.

Conclusion PSFR and IFA are simple markers for identifying
retrognathia prenatally. However, they are not helpful for the
detection of RS in fetuses with isolated retrognathia. There-
fore, delivery should take place in a center experienced with
RS and potentially life-threatening airway obstruction imme-
diately after birth.

ZUSAMMENFASSUNG

Zielsetzung Es sollte bestimmt werden, ob das préfrontale
Raumverhdltnis (PSFR), der inferiore faziale Winkel (IFA) und
der Maxilla-Nasion-Mandibula-Winkel (MNM) oder die fetale
Profillinie (FPL) bei der Identifizierung von Féten mit Robin-Se-
quenz (RS) in Féllen mit isolierter Retrognathie hilfreich sind,
um so die Wahrscheinlichkeit eines unmittelbaren Bedarfs an
postnataler Atmungsunterstiitzung besser vorherzusagen zu
kénnen.

Methoden Dies war eine retrospektive, gematchte Fall-Kon-
troll-Studie von Foten/Kindern mit isolierter Retrognathie mit
oder ohne RS, die zwischen 2008 und 2020 im Universitatskli-
nikum Tiibingen, Deutschland prd- und postnatal behandelt
wurden. Die PFSR, IFA, MNM und FPL wurden bei betroffenen
und normalen Féten nach standardisierten Protokollen ge-
messen. Die Patienten wurden in isolierte Retrognathie und
RS unterteilt.

Ergebnisse 21 (n =7 isolierte Retrognathie, n=14 RS) betrof-
fene und 252 normale F6ten wurden eingeschlossen. Das
mediane Gestationsalter bei der Ultraschalluntersuchung be-
trug 23,6 bzw. 24,1 Wochen. Bei Féten mit isolierter Retro-
gnathie und RS unterschieden sich die PSFR, IFA und FPL sig-
nifikant von der normalen Population. Bei einer Falsch-Positiv-
Rate von 5% betrug die Erkennungsrate 76,2 % fiir die PFSR,
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85,7 % fiir die IFA und 90,5 % fiir beide Parameter zusammen.
Alle Parameter konnten jedoch nicht zwischen isolierter Ret-
rognathie und RS unterscheiden.

Schlussfolgerung PSFR und IFA sind einfache Marker zur pra-
natalen Identifizierung von Retrognathien. Sie sind jedoch

nicht hilfreich fiir die Erkennung von RS bei Féten mit isolier-
ter Retrognathie. Daher sollte die Entbindung in einem Zen-
trum erfolgen, das Erfahrung mit RS und einer potenziell le-
bensbedrohlichen Atemwegsobstruktion unmittelbar nach
der Geburt hat.

Introduction

Retrognathia, characterized by an abnormally posterior lower jaw
position relative to the maxilla, is a common finding in prenatal
medicine. Its strong association with chromosomal defects and
genetic syndromes is well known. However, in the absence of
other morphological or chromosomal aberrations, antenatal dif-
ferentiation between isolated retrognathia and Robin Sequence
(RS) remains challenging [1, 2].

After birth, the diagnosis of RS is based on the clinical triad of
retrognathia, glossoptosis, upper airway obstruction and option-
ally cleft palate. In contrast, in isolated retrognathia, none of these
additional findings are present. In RS, antenatal diagnosis is desir-
able to improve postnatal management, as these newborns may
have life-threatening airway obstruction [3].

Unfortunately, the prenatal detection rate of RS is low, ranging
from 7-20% [4, 5, 6]. In a prospective epidemiologic study from
Germany, only 16 % of affected infants were detected before birth
[4].

Besides subjective assessment of the facial profile [7], several
quantitative approaches have been used to identify retrognathia
and RS and to distinguish both entities [1, 2, 8, 9, 10, 11, 12,
13]. In a large prospective study of about 8,000 pregnancies,
Bronshtein at al. investigated if glossoptosis can be predicted by
assessing the movement of the tongue over a period of 20-
30min [8]. They found two fetuses with glossoptosis and micro-
gnathia and no false-positive cases. However, the assessment
was time-consuming and not practical for routine care. Others ex-
amined the soft palate, but also with limited success in a screen-

ing setup [5, 14]. Therefore, micro- and retrognathia remain the
key prenatal feature for the detection of both isolated retrogna-
thia and RS. In addition to the subjective assessment of the fetal
facial profile, some groups have tried to standardize diagnosis by
assessing the inferior facial angle (IFA) [1, 9, 10], the maxilla-na-
sion-mandible angle (MNM) [12], and the fetal profile line (FPL;
» Fig. 1, » Fig. 2) [11]. However, none have examined whether
these markers can be used to distinguish between retrognathia
andRS[1,9,11,12,15].

In this study, we set out to examine whether prenatal ultra-
sound markers for the standardized assessment of the fetal profile
can be used to distinguish between isolated retrognathia and RS,
and thus better predict the likelihood of immediate need for post-
natal respiratory support.

Methods

This is a retrospective case — match study utilizing stored 2 D ima-
ges of second and third trimester fetal profiles. The prenatal ultra-
sound examinations used in this study were performed at the De-
partment of Prenatal Medicine at the University of Tiibingen,
Germany.

Data acquisition

We searched our digital database for pregnancies in which a post-
natal diagnosis of isolated retrognathia or RS had been made and
that had an ultrasound examination after 14 weeks of gestation.
In pregnancies in which more than one examination was per-

» Fig. 1a: Measurement of the prefrontal space ratio (PFSR) and the fetal profile line (FPL) in a fetus with RS; b: Measurement of the inferior facial

angle (IFA) and maxilla-nasion-mandible angle (MNM) in a fetus with RS.

300 Wiechers C et al. Fetal Profile Markers... Ultraschall in Med 2023; 44: 299-306 | © 2021. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



» Fig. 2a: Measurement of the prefrontal space ratio (PFSR) and the fetal profile line (FPL) in a normal fetus; b: Measurement of the inferior facial

angle (IFA) and maxilla-nasion-mandible angle (MNM) in a normal fetus.

formed, only the earliest suitable examination was used for analy-
sis. Cases with complex defects or chromosomal abnormalities
were excluded.

For each affected pregnancy, we identified 12 normal cases
without fetal defects or chromosomal anomalies and an unevent-
ful outcome. The normal cases were matched for the gestational
age of the affected fetuses.

For an image to be acceptable for assessment, it had to meet the
following criteria: true mid-sagittal section of the fetal profile (pre-
ferably with the corpus callosum visible) and clearly identifiable
anterior edges of the mandible and maxilla as well as the leading
edge of the bony forehead and the skin over the forehead. The
magnification was such that the profile filled most of the image.

Prenatal examination

In each case, the PFSR, MNN, IFA, and the fetal profile line were
assessed according to established protocols (> Fig. 1, 2) [13]. In
short, the MNM angle was defined as the angle between the lines
maxilla-nasion and mandible-nasion in the exact median plane.
The IFA angle was measured by the crossing of two lines: a line or-
thogonal to the vertical part of the forehead, drawn at the level of
the synostosis of the nasal bones and a second line joining the tip
of the mentum and the anterior border of the more protrusive lip.
The FP line was defined as the line that passes through the mid-
point of the anterior border of the mandible and the nasion.
When the FP line passed lengthwise through the frontal bone,
this was denoted ‘zero’, when it passed the frontal bone posterior-
ly, its position was denoted ‘positive’, and when it passed the fron-
tal bone anteriorly, its position was denoted ‘negative’. The PFSR
was obtained by dividing the distance between the leading edge
of skull and the prenasal skin (D1) by the distance from the prena-
sal skin to the point where the mandibulo-maxillary line is inter-
cepted (D2) (> Fig.2). The mandibulo-maxillary line was drawn
between the anterior edge of the mental protuberance to the
anterior edge of the maxilla and extended towards the forehead.
The PFSR was determined by dividing D2 by D1. In a training data-

set containing 50 cases, all measurements were taken by two op-
erators (C.W. und K.O.K) and repeated until measurements were
within a 5% margin. These measurements were not included in
the study results. After finishing with the training dataset, Opera-
tor 1 (C.W.) did the measurements in the study population, blind-
ed to her own results and the fetal outcome.

Neonatal follow-up

Infants were born between 01/2008 and 09/2020 in our hospital
and treated in the department of neonatology, which is a national
referral center for RS and other craniofacial malformations. The
affected infants were subdivided into a group of isolated retro-
gnathia, and RS based on the postnatal examination. In neonates
diagnosed with RS, postnatal treatment included an individual fit-
ting of an orthodontic appliance (Tiibingen palatal plate, TPP), nu-
tritional training, and orofacial stimulation therapy. The treatment
protocol has been described in detail elsewhere [16, 17, 18]. If
necessary, upper airway obstruction was bridged by prone posi-
tioning, use of a nasopharyngeal tube, and/or continuous positive
airway pressure (CPAP) prior to the onset of TPP treatment.

Cardiorespiratory sleep studies were performed in the first
postnatal week in all infants with retrognathia and RS using a
computerized polysomnographic system (Embla N 7000, Med-
Care, Reykjavik, Iceland). Study design and evaluation criteria
have been described elsewhere [16, 18]. In addition, a second
sleep study was performed before discharge in infants treated
with a TPP. Central, mixed, and obstructive apneas were identi-
fied, and a mixed-obstructive apnea index (MOAI) was calculated
as the sum of mixed and obstructive apneas per hour of total sleep
time based on standard criteria [19, 20]. If no sleep study could be
performed due to very severe upper airway obstruction requiring
a nasopharyngeal tube or CPAP, recordings were arbitrarily (and
conservatively) assigned an MOAI of 30 for statistical analysis of
the sleep study results.

Clinical data were collected from the department’s electronic
database and medical records.
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» Table 1 Infant characteristics.

Variables

Gestational age at birth (weeks)

Isolated retrognathia
n=7

40.4 (38.8 - 41.2)

Robin sequence
n=14

38.3(37.8 - 39.6)

Birth weight (g) 3420 (3280 - 3675) 3330 (2760 - 3485)
5min APGAR score 9(9-10) 8 (8-9)

Neonatal airway support* 1(14%) 7 (50 %)

Binasal CPAP 1(14%) 3(21%)
Nasopharyngeal tube without CPAP 0(0 1(7 %)
Nasopharyngeal tube and CPAP 0(0 3(21%)
Intratracheal intubation or LMA 0(0 0(0%)

Sleep study (MOAI events/h)

Upon admission 0.1(0.1-0.7) 7.7 (2.7 -30.0)®
At discharge -2 0.9 (0.1-1.9)
Duration of hospital stay (days) 7(6-9) 17 (16 - 20)

Values are given as median (IQR) or n (%); Abbreviations: CPAP = continuous positive airway pressure, LMA = laryngeal mask airway device; * Neonatal
resuscitation in the delivery room; 2 No further sleep study was performed before discharge, as initially no OSA was present;  In n =3 infants, no sleep
study was performed due to severe upper airway obstruction and need for a nasopharyngeal tube with CPAP. Recordings were arbitrarily (and conserva-
tively) assigned an MOAI of 30 for statistical analysis of the sleep study results.

This retrospective study was approved by the local ethics com-
mittee (407/2020 BO)

Statistical analysis

For each of the fetal profile markers, we used regression analysis
to examine if there was a significant correlation with gestational
age. If present, absolute measurements were transformed into
MoM values (multiple of median, observed/expected measure-
ments).

The results are shown as median and interquartile range (IQR).
We used a Kruskal-Wallis test and a Mann-Whitney U-test for the
post-hoc analysis to test for differences between the three study
groups (normal, isolated Retrognathia, and RS). Prior to these sta-
tistical tests, a Kolmogorov Smirnov test was done to exclude nor-
mal distribution. An ROC curve analysis was used to compare the
detection and false-positive rate in screening for retrognathia and
RS with the PFSR, the IFA, and the combined use of both markers.
Proportions were tested by chi-square test. The statistical analysis
was carried out with IBM SPSS 24 (Armonk, New York, USA). A p-
value <0.05 was set as the significance threshold.

Results

In searching our database, we identified 21 neonates including 7
with isolated retrognathia and 14 with RS who were seen in our
prenatal medicine unit during the course of pregnancy. A detailed
description of the cases is given in » Table 1. We added another
252 normal cases from our prenatal database. Thus, our study
population comprised 273 pregnancies.

The median maternal and gestational age was 31.7 (IQR 28.3 -
35.1) years and 23.6 (IQR 21.4 - 29.5) weeks of gestation in the
normal population and 32.5 (IQR 28.9 - 35.0) years and 24.1
(IQR 21.1 - 30.1) weeks of gestation in the index group (t-test
for MA: p=0.707, GA: p=0.931).

Prefrontal space ratio

In the reference population, the median PFSR was 0.44. The ratio
was dependent on gestational age (PFSR=0.828 - 0.015 x gesta-
tional age, r=0.291, p<0.001). After transformation to MoM val-
ues, the median MoM was 0.96. In the groups of isolated retro-
gnathia and RS fetuses, the median PFSR was 1.01 and 0.99,
corresponding to MoM values of 2.72 and 2.19 (> Fig. 3). There
was a significant difference between the three study groups (Krus-
kal-Wallis test p<0.0001) and post-hoc testing indicated that the
PFSR MoM was significantly higher in both affected groups thanin
the normal population. In the group of affected fetuses, the PFSR
MoM distribution was not significantly different (post hoc Mann-
Whitney U-test for both index groups vs. the reference group
p<0.0001 each; for isolated retrognathia vs. RS group p=0.636).

Maxilla-nasion-mandible angle

The median MNM angle in the normal and in both symptomatic
groups was 17.5°, 18.6°, and 18.9°, respectively, without any sig-
nificant difference (Kruskal-Wallis test p=0.862).

Inferior facial angle

In the normal population, the median IFA angle was 68.8°. After
transformation into MoM values, the median IFA angle was 1.0
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» Fig. 3a: Prefrontal space ratio (PFSR) in absolute measurements. The line in the left graph indicates the regression line between the measure-
ments and the gestational age in the normal population; b: Prefrontal space ratio (PFSR) in MoM values.

» Fig. 4a: Inferior facial angle (IFA) in absolute measurements. The line in the left graph indicates the regression line between the measurements
and the gestational age in the normal population; b: Inferior facial angle (IFA) in MoM values.

MoM (IFA=58.8 +0.371 x gestational age, r=0.264, p<0.0001).
In the group of isolated retrognathia and RS, the median IFA was
51.0° and 49.9° corresponding to 0.76 MoM and 0.71 MoM,
respectively. Similar to the PFRS results, there was a significant dif-
ference between the three groups. Both affected groups had
smaller IFA MoM measurements than the reference population
(» Fig.4). However, there was no difference between the two af-
fected populations (Kruskal-Wallis test p<0.0001, post hoc
Mann-Whitney U-test for both index groups vs. the normal group,
each p<0.00071; for isolated retrognathia vs. the RS group
p=0.128).

Fetal profile line

In the normal and in the affected group, the fetal profile line was
placed anterior to the frontal bone in 2 (0.8 %) and 7 (33.3%)

cases (chi square p<0.0001). In the isolated retrognathia and the
RS group, 1 (14.3%) and 6 (42.9 %) fetuses had an abnormal FPL
(chi square p=0.190).

The median values for the PFSR, the MNM, the IFA, and the FPL
and their distribution in the group of fetuses with retrognathia
and RS are summarized in » Table 2.

Detection and false-positive rates in screening for
isolated retrognathia and RS

The ROC curve analysis indicated that in screening for isolated ret-
rognathia and RS, the combined use of PFSR and IFA was better
than screening by each marker alone. However, the differences
between the three approaches were not significant (» Fig.5),
(ROC curve analysis: area under the curve: PFSR: 0.888 (95 % Cl
0.787 - 0.989), IFA 0.966 (95 % Cl 0.929 - 1.000), PFSR + IFA
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» Table 2 Prenatal ultrasound markers.

Normal fetuses

n=252 n=21

PFSR 0.44 0.99

Median (IQR) (0.30-0.52) (0.86 - 1.54)
= PFSR (MoM) 0.96 2.24

« Median (IQR) (0.77-1.18) (1.71-3.15)
MNM (angle) 17.5 18.7

Median (IQR) (15.5 - 20.6) (15.0 - 20.6)
IFA (angle) 68.8 50.6

Median (IQR) (63.6 - 73.0) (45.5-51.7)
= IFA (MoM) 1.00 0.73

= Median (IQR) (0.94 - 1.06) (0.68 - 0.77)
FPL abnormal n (%) 2(0.8) 7(33.3)

All affected fetuses

Isolated retrognathia Robin sequence

n=7 n=14

1.01 0.99

(0.90 - 1.69) (0.66 - 1.13)
2.72 2.19

(1.60 - 4.09) (1.71 - 3.05)
18.6 18.9

(15.6 - 20.3) (14.4 - 22.8)
51.0 49.9

(45.1 -60.2) (45.5 - 51.6)
0.76 0.71

(0.70 - 0.90) (0.68 - 0.74)
1(14.3) 6(42.9)

PFSR = prefrontal space ratio, MNM = maxilla-nasion-mandible angle; IFA =inferior facial angle, FPL = fetal profile line

0.970 (95 % Cl 0.935 - 1.000). For a false-positive rate of 5%, the
detection rate was 76.2 % for the PFSR, 85.7 % for the IFA, and
90.5 % for the combined use.

Discussion

In this study we have shown that PFSR, IFA, and the FPL are useful
measurements to identify fetuses with isolated retrognathia or
RS. For a false-positive rate of 5%, the detection rate was up to
91%. However, these parameters fail to distinguish between
isolated retrognathia and RS.

Prenatal detection of RS is important for subsequent manage-
ment and may improve the postnatal outcome. Although the di-
agnosis can initially cause psychological stress and negative par-
ental emotions, it provides an opportunity for appropriate
counseling and decision making about disease-specific postnatal
treatment options [21]. Furthermore, delivery in an experienced
center allows clinicians to prepare for a potentially life-threatening
airway obstruction immediately after birth [3, 22]. Although
some newborns show life-threatening airway obstruction imme-
diately after birth, a substantial proportion of RS infants initially
show more subtle clinical signs of upper airway obstruction [3,
23]. In some RS cases, the respiratory situation worsens gradually
during the first postnatal weeks. Therefore, close follow-up with
repeated sleep studies and careful monitoring of weight gain is re-
quired [23]. In contrast, in fetuses with isolated retrognathia,
glossoptosis and upper airway obstruction are absent. Thus, post-
natal management is generally less complicated. Unfortunately, it
was not possible to distinguish these groups based on the facial
profile markers, thus prenatal referral to a center with experience
in RS management may be advisable for any fetus with retrogna-
thia as defined above.

PSFR has been successfully used to screen for trisomy 21 in the
second and third trimester of pregnancy, based on the character-
istic facial profile with increased prenatal thickness and midface

» Fig.5 ROC curves in screening for isolated retrognathia and Ro-
bin sequence.

hypoplasia [24, 25]. The detection rate for trisomy 21 was 79 %
for a false-positive rate of 5%. In contrast to these data from tris-
omy 21, the median PFSR was lower in this study and dependent
on gestational age. This is most probably due to the fact that we
included more pregnancies from later weeks of gestation than in
the study by Yazdi et al. [24], resulting in lower PFSR values. In
terms of fetuses with isolated retrognathia or RS, the detection
rate was 76 %, for a false-positive rate of 5%. The MNM angle was
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derived from cephalograms for assessing jaw relationships for an
orthodontic diagnosis [12]. The authors examined 18 fetuses with
various facial malformations and found that in all cases the MNM
was below the 5th or above the 95th percentile. The series inclu-
ded one fetus with RS with an MNM of 22.8°. A considerably smal-
ler MNM angle was found in normal Korean fetuses with an aver-
age of only 4.7° (SD 3.3°) [26]. This raises the question about a
potential dependency on ethnic origin, which may limit the use-
fulness of this marker. In our cohort, the ethnic background was
too homogenously Caucasian to draw any conclusions. However,
in view of fetuses with RS, the marker was not helpful in distin-
guishing between affected and normal fetuses.

Most research groups have focused on the IFA [1, 9, 10, 13,
27]. Our results are similar to those published previously. In our
cohort, the IFA was 68.8° in the reference group and about 50° in
both affected groups. Rotten et al. examined the IFA in 371 nor-
mal fetuses and the mean value in the 18th- 28th gestational
week was 65.5°. Eight fetuses in their study had RS, and in this
group, the IFA ranged from 35 to 46°. Usually, an IFA of 50° is
used as the lower limit for normal fetuses [10, 27]. We used the
5th percentile as the cut-off and observed a detection rate of
86 %. In terms of FPL, we classified the examination of the fetal
profile as abnormal if this line was anterior to the frontal bone.
We found an abnormal FPL in 0.8 % of controls and 33 % of RS
cases. Another group found no normal fetus with an abnormal
FPL, while 81 % of those with postnatally confirmed retrognathia
had an abnormal FPL [11]. Lu et al. observed an association with
gestational age and reported that prior to 24 weeks, the FPL was
abnormalin 7 % of cases, and afterwards in none of the normal fe-
tuses [13].

In addition to the previously described ultrasound markers,
there are also studies focusing on the prenatal diagnosis of micro-
gnathia. Paladini et al. examined the jaw index, i.e., the antero-
posterior and laterolateral diameter of the mandible, in a cross-
sectional study [28]. In fetuses with micrognathia, the jaw index
showed a sensitivity of 100 % and a specificity of 98.1 %, compared
to 72.7 % and 99.2 % for the subjective assessment of the fetal
profile [28]. A high sensitivity of 94 % in 16 cases with microgna-
thia compared to healthy fetuses was shown by Kruse et al. using
an index relating fetal mandibular length to femur length or ge-
stational age [29]. However, mandibular imaging is very challen-
ging as it requires an axial view of the mandible and is not part of
the routine screening examination. The same is true for prenatal
magnetic resonance tomography (MRT) studies [15, 30].

Our study has some limitations. First, it has a retrospective, sin-
gle center design based on stored 2 D images of the fetal profile.
Second, our series of affected fetuses is relatively large compared
to other studies, but after dividing it into two subgroups, the
number of affected fetuses in each group became relatively small.
The strength of this study lies in its image quality. We included
only cases with a perfect midsagittal section of the face.

We acknowledge that a large prospective study would be a
more solid basis for generalizable conclusions. However, due to
the low prevalence of the disease, such a study cannot be carried
out in a reasonable time frame.

In conclusion, facial profile measurements can be used to iden-
tify fetuses with isolated retrognathia or RS, but not to distinguish

between either entity. In the cohort with isolated RS, respiratory
support (e.g., CPAP, nasopharyngeal tube) was required directly
after birth in half of the cases, compared to one of seven neonates
with isolated retrognathia. Therefore, if fetal retrognathia is sus-
pected, delivery should take place in a center experienced in cra-
niofacial malformations and prepared for potentially life-threaten-
ing airway obstruction immediately after birth.

Clinical Trial

Registration number (trial ID): 407/2020 BO | Trial registry: Ethical
committee of the University of Tiibingen, GartenstraRe 74, 72074
Tibingen
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