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INTRODUCTION
Möbius sequence is a rare congenital disease with a prevalence of 

between 0.0002 and 0.002% of births(1). Minimum diagnostic criteria 
for this disease include congenital unilateral or bilateral facial and 
abducens nerve paresis. Other findings in these patients that are 
not part of the diagnostic criteria include the involvement of other 
cranial nerves, malformations of orofacial structures, reductive limb 
anomalies, and defects of the chest wall(2). 

Möbius sequence is usually sporadic, has a multifactor etiology, 
and affects both genders with equal frequency(1,3). There are a few re-
ports of familial occurrence, karyotypic changes, and autosomal do-
minant, autosomal recessive, and X-linked recessive inheritance(2,4-6). 
In Brazil, several studies have shown a strong association between 

Möbius sequence and misoprostol use during the first trimester of 
pregnancy(7-10). Also, the patients’ mother’s socioeconomic status, 
cultural conditions, and environmental factors have been related to 
the genesis of this sequence(10-16). Therefore, careful documentation 
of maternal events during pregnancy of children with this sequence 
can potentially further clarify its etiology(7,9,14). 

As a result of the low global frequency of Möbius sequence, most pu-
blished studies are case reports involving individual criteria and proto-
cols and include patients that are examined by different researchers(1). 
The objective of the present study is to assess the socio-demographic 
characteristics, pregnancy, neonatal profile, and main ophthalmologi-
cal and systemic findings of two series of Möbius sequence patients 
from Brazil and Italy, using the same diagnostic criteria and protocol.
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ABSTRACT
Purpose: To compare the profiles and clinical findings of a series of patients with 
Möbius sequence from Brazil with a series from Italy. Methods: This is a multicenter 
study, which includes 46 Möbius sequence patients from Brazil and 20 from Italy. 
Socio-demographic, gestational, and neonatal profile characteristics were collected 
from interviews with the guardians of the Möbius sequence patients and compared. 
The Möbius sequence patients were submitted to an ophthalmologic examination 
and systemic malformations were also evaluated. Results: Misoprostol was used in 
the first trimester of pregnancy by 26 (56.5%) of the mothers of the Möbius sequence 
patients in the Brazilian series and was not used by any of the Italian mothers. The 
mean age of the Brazilian Möbius sequence patients was 89.95 ± 7.79 months and 
the mean age of the Italian patients was 102.6 ± 22.94 months (P=0.6105; Mann-
Whitney test). Brazilian mothers had a significantly lower education level (P=0.0002; 
Fisher’s exact test) and Italian mothers had significantly more stable relationships 
(p=0.0002; Fisher’s exact test). The frequency of ocular and systemic abnormalities was 
similar in both series. Conclusion: Adverse events during pregnancy varied between 
both groups. A history of misoprostol use during early pregnancy was present only 
in Brazilian mothers, who had lower levels of education and less frequent stable 
marital statuses. Clinical findings were similar between both groups of patients.

Keywords: Möbius syndrome; Misoprostol/adverse effects; Ocular motility disorder; 
Education; Brazil; Italy

RESUMO
Objetivo: Comparar o perfil de características oculares e sistêmicas de uma série de 
pacientes com sequência de Möbius do Brasil com uma da Itália. Métodos: Esse estudo 
multicêntrico incluiu 46 pacientes com sequencia de Möbius do Brasil e 20 da Itália. As 
características dos perfis sociodemográfico, gestacional e neonatal foram coletadas a 
partir de entrevistas com os responsáveis dos pacientes e comparadas. Os pacientes fo­
ram submetidos a um exame oftalmológico e malformações sistêmicas foram avaliadas. 
Resultados: O misoprostol foi usado no primeiro trimestre da gestação por 26 (56,5%) 
mães brasileiras e por nenhuma italiana. A média de idade dos pacientes brasileiros 
com sequência de Möbius foi de 89,95 ± 7,79 meses e dos italianos 102,6 ± 22,94 meses 
(P=0,6105; teste de Mann-Whitney). Mães brasileiras tinham significantemente menor 
escolaridade (P=0,0002; teste exato de Fisher) e mães italianas tinha relacionamentos 
estáveis mais frequentemente (P=0,0002; teste exato de Fisher). A frequência de anor­
malidades oculares e sistêmicas foi semelhante entre as séries. Conclusão: Eventos 
adversos durante a gestação variaram entre os grupos. O uso de misoprostol pelas 
mães precocemente na gestação foi relatado apenas por mães brasileiras, que tinham 
menor escolaridade e status conjugal estável menos frequentemente. Achados clínicos 
foram semelhantes entre os grupos. 

Descritores: Síndrome de Möbius; Misoprostol/efeitos adversos; Transtornos da motilidade 
ocular; Educação; Gravidez; Brazil; Itália
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METHODS
This investigation constitutes a prospective, observational cross-

sectional multicenter study. It was carried out after approval from 
the Ethics Committee/Investigational Review Board of the Fundação 
Altino Ventura (Protocol 005/2007) and followed the tenets of the 
Declaration of Helsinki. Study participants and their guardians were 
informed of the purpose of the study and gave written consent to 
participate before inclusion. 

All patients with Möbius sequence cared for at the Fundação Alti-
no Ventura and the Hospital de Olhos de Pernambuco, in Recife, Brazil, 
in 2007, were eligible for the study. In addition, all Möbius sequence 
patients that attended the “Italian Association of Möbius Syndrome 
Meeting”, Italy, in April 2007, could participate. The diagnostic criteria 
for Möbius sequence included congenital unilateral or bilateral facial 
and abducens nerve paresis(2,10,16). 

Forty-six Brazilian patients with Möbius sequence participated 
in the study. Two-thirds of the cases were from a low-income popu-
lation, cared for at the Fundação Altino Ventura, and one-third were 
patients of the Hospital de Olhos de Pernambuco, a private institu-
tion. In addition, 20 Italian Möbius sequence patients were assessed. 

Two pediatric ophthalmologists conducted interviews with all 
mothers using a standard questionnaire that obtained information 
regarding marital status, education, pregnancy (maternal illness, 
exposure to medications, and other environmental agents), family 
history, and neonatal features. With regard to marital status, a stable 
relationship was considered a father and mother who lived in the 
same home.

Main ocular and systemic malformations were also evaluated. 
Ophthalmological examination consisted of morphologic data with 
special attention to eye movement limitations, eyelid fissure, abnor-
malities in horizontal movement, and Hirschberg measurements of 
eye alignment for near fixation. As some of the Möbius sequence 
patients had neurodevelopmental delay, isolated or associated with 
autism, ocular alignment was evaluated using the Hirschberg test 
to standardize these measurements among patients. Limitations 
of abduction associated with variable degrees of limited adduction 
and eye retraction on attempted adduction with narrowing of the 
palpebral fissure were considered findings of Duane retraction syn-
drome(2). The minimum diagnostic criteria used for Poland-Möbius 
sequence were the aforementioned diagnostic criteria for Möbius 
sequence in addition to unilateral aplasia of the pectoralis major 
muscle and an ipsilateral hand anomaly, typically manifesting as bra
chysyndactyly(17).

Statistical analysis was performed using SPSS for Windows (version 
12.0, SPSS, Inc.). Normality was assessed using the Kolmogorov-Smir-
nov test. Continuous variables are expressed as the mean ± standard 
error and the maximal and minimal values. Categorical variables are 
expressed as absolute and relative frequencies. Continuous data 
was compared using the Mann-Whitney test. Categorical data was 
compared using Fisher’s exact test and P<0.05 was used to reject the 
null hypothesis.

RESULTS
The mean age of the Brazilian series was 89.95 ± 7.79 months 

(range: 3 to 216 months) and was 102.6 ± 22.94 months (range: 5 to 
396 months; P=0.6105; Mann-Whitney test) in the Italian series. In the 
Brazilian series, 25 (54.3%) patients were male and in the Italian series 
14 (70.0%) were female, which did not reach a statistically significant 
difference (P=0.1068; Fisher’s exact test). Patient birth weight was 
similar in both groups; in the Brazilian series, the mean birth weight 
was 3.100 ± 719.3 grams (range: 620 to 4.051 grams), and in the 
Italian series it was 2.915 ± 483.9 grams (range: 2.000 to 4.050 grams; 
P=0.097; Mann-Whitney test).

Brazilian mothers had a significant lower education level than 
the Italian series (P=0.0002; Fisher’s exact test) (Table 1). A statistically 

significant higher frequency of stable relationships was found in the 
Italian series (P=0.0002; Fisher’s exact test). There were no differences 
between the groups with respect to the mother’s number of gesta-
tions (Brazilian: mean of 2.6 ± 1.6 gestations, range: 1 to 10; Italian: 
mean of 2.0 ± 1.0 gestations, range: 1 to 4; P=0.1721; Mann-Whitney 
test). Parity was similar in both groups (Brazilian: mean of 2.3 ± 1.4 
births, range: 1 to 9; Italian: mean of 1.8 ± 0.9 births, range: 1 to 4; 
P=0.2726; Mann-Whitney test). In the Brazilian group, 15 (32.6%) mo-
thers had previous abortions and in the Italian group, 4 had previous 
abortions (20.0%).

There was a family history of Down syndrome in 4 (8.7%) cases of 
the Brazilian series and in 3 (15.0%) of the Italian series. In the Italian 
group, there was 1 (5.0%) case of in vitro fertilization. There was 1 set 
of twins in the Brazilian group: 1 of the children was normal and the 
other presented with Möbius sequence associated with misoprostol 
use during pregnancy. There was no family history of consanguinity 
among the parents and there were no reports of additional cases of 
Möbius sequence in other family members in either group.

Twenty-six (56.5%) Brazilian mothers used misoprostol early in 
pregnancy, in a single dose. The minimum total dose was 400 mcg 
and the maximum 2800 mcg (mean of 1060 ± 640 mcg). The mean 
period of misoprostol use during pregnancy for abortion induction 
was 5.8 ± 2.6 weeks (range: 2 to 12 weeks). There was no history of 
tobacco, alcohol, or recreational drug use in either group. Adverse 
pregnancy events are summarized in table 2. 

Common ophthalmological findings in both groups included 
variable levels of decreased abduction associated with adduction 
limitations. One (2.2%) case in the Brazilian series and 2 (10.0%) in the 
Italian series presented with features of Duane retraction syndrome. 
One (5.0%) of said cases in the Italian series (a 33 year-old female) had 
hypogonadotropic hypogonadism. The most frequent strabismus 

Table 1. Mother’s sociodemographic profile of Möbius sequence pa-
tients from Brazil and Italy

Groups

Profile
Brazilian 

(n=46)
Italian 

(n=18*) P value**

Mother’s education level

Secondary school 38 (82.6%) 06 (33.3%)

University 08 (17.4%) 12 (66.7%) 0.0002

Marital status

Single/divorced 39 (84.8%) 05 (27.8%)

Stable relationship 07 (15.2%) 13 (72.2%) 0.0002

*= two patients in the Italian group did not provide education level and marital status
** Fisher’s exact test

Table 2. Adverse pregnancy events in Möbius sequence patients from Brazil 
and Italy

Groups

Adverse pregnancy events Brazilian (n=46) Italian (n=20)

Misoprostol 26 (56.5%) 0 (00.0%)

Chorionic villus sampling 00 (00.0%) 3 (15.0%)

Dengue fever 03 (06.5%) 0 (00.0%)

Rubella 02 (04.3%) 0 (00.0%)

Rosella 00 (00.0%) 1 (05.0%)

Influenza 00 (00.0%) 2 (10.0%)

Anemia 00 (00.0%) 1 (05.0%)
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diagnosis in both groups was esotropia (isolated or associated with 
a vertical deviation) (Figure 1). There were also cases of orthotropia 
and exotropia in both series (Table 3). Hypertropia was seen in  
7 (15.2%) Brazilian patients and in 1 (5.0%) Italian patient. Unusual 
eye movement was detected in 1 (2.2%) case in the Brazilian group, 
which presented as excyclotorsion during cover test and gaze-evo
ked nystagmus on upward gaze.

Characteristic mask-like face was evident in all cases. The inciden
ce of limb abnormalities was similar in both groups (P=1.0000; Fisher’s 
exact test) (Table 4). Clubfoot was the most frequent abnormality, 
present in 26 (56.5%) of the Brazilian cases and 10 (50.0%) of the 

Italian cases. Other associated limb defects seen in both groups were 
digit amputation, lower limb amputation, syndactyly, and agenesis 
of the radial bone (Figure 2). Some Brazilian and Italian patients had 
anatomical changes and fasciculation movement of the tongue due 
to XII cranial nerve involvement. Two (10.0%) Italian patients and  
16 (34.8%) Brazilian patients had posteriorly rotated ears. Poland-Mö
bius sequence was present in 1 (2.2%) case in the Brazilian group and 
in 2 (10.0%) in the Italian group. The 3 Poland-Möbius sequence 
cases had ipsilateral brachysyndactyly; the Brazilian patient with Po-
land-Möbius sequence presented with dextrocardia and left Poland 
syndrome and 1 of the Italian cases with Poland-Möbius sequence 
had dextro and the other had left Poland syndrome. All 3 of these 
patients had partial absence of the upper costal cartilages. 

DISCUSSION
The constellation of anomalies and dysfunctions commonly seen 

in Möbius sequence patients suggests that this disorder may result 
from several adverse, prenatal dysmorphogeneic events(14,18). A com-
mon mechanism explaining the pathogenesis of Möbius sequence, 
Poland syndrome, Klippel-Feil syndrome, isolated terminal transverse 
limb defects, and Sprengel anomaly was proposed by Bouwes-Ba
vinck and Weaver: they suggest a transient vascular disruption of the 
early embryonic blood supply in the subclavian arteries, the vertebral 
arteries, and/or their branches(19). This is a nonspecific event that can 
potentially be caused by various teratogens(1,2,14,19,20). Exposure to 
teratogenic agents is a challenge that can be influenced by cultural 
factors, low population socio-economic level, high incidence of in-
fectious and carential diseases, and self-medication habits associated 
with easy access to prescription drugs, which can result in new cases 
of birth defects(21). 

Misoprostol, a synthetic prostaglandin E
1
 analog, is frequently used 

for legal and illegal abortions in Brazil and other countries of South 
and Central America(7-10,22). A previous study found that 60.7% of ca
ses in which misoprostol was used to induce abortion occurred in 
unstable families or those of low socioeconomic status(10). In the pre-
sent study, the mothers from the Brazilian series presented with less 
stable relationships compared to the Italian cohort. In addition, the 
majority of the Brazilian cases were from a low-income population, 
with a significant lower education level.

Various cases of congenital malformations, including craniofacial 
defects and abdominal and limb anomalies, have been associated 
with the use of misoprostol during pregnancy(7-10). The critical period 
of Möbius sequence pathogenesis is the first trimester, likely between 
gestational weeks four and eight(2). Not surprisingly, the mean period 
of misoprostol use by the Brazilian mothers for abortive purposes in 
the current study was 5.8 ± 2.6 weeks post fertilization. 

The reality of abortion varies from country to country. Abortion 
is a delicate issue, with sociodemographic, psychological, ethical, 
religious, and cultural implications(23). In a study that included 25 in-
dividuals with Möbius sequence in Sweden, 6 mothers had a history 
of more than 1 spontaneous abortion and 1 threatened abortion(2). 
An increased rate of spontaneous abortions has been seen among 
the Italian population(24). In the present study, there was no statis-
tically significant difference in previous abortions among either 
group. Memory recall bias is an important factor in both series. This 
bias might be even more important in the Brazilian group, owing 
to the fact that abortion is illegal in Brazil, except in cases of rape or 
when the mother’s life is in danger(9). The absence or inadequate use 
of contraceptive methods by Brazilian women is also common thus 
contributing to a high incidence of alternative abortion methods(9,22). 

 Some cases of Möbius sequence are associated with a history 
of significant adverse events during pregnancy(14-16,22). In the Italian 
series, there is history of chorionic villus sampling performed in the 
first trimester of pregnancy in 3 cases (15.0%). Firth et al.(25) reported 
terminal transverse-limb and cranial-nerve defects in infants exposed 

Table 3. Horizontal ocular alignment in primary gaze position of patients with 
Möbius sequence from Brazil and Italy

	 Groups

Ocular Motility
Brazilian 

(n=46)
Italian  
(n=20) P value*

Orthotropia 13 (28.3%) 8 (40.0%) 0.3959

Esotropia 18 (39.1%) 8 (40.0%) 1.0000

Exotropia 08 (17.4%) 3 (15.0%) 1.0000

*= Fisher’s exact test

Table 4. Systemic anomalies in Möbius sequence patients from Brazil 
and Italy

	 Groups

Anomalies
Brazilian 

(n=46)
Italian  
(n=20) P value*

Limb 27 (58.7%) 12 (60.0%) 1.0000

Club foot 26 (56.5%) 10 (50.0%) 0.7886

Incomplete closure of the 
eyelid

23 (50.0%) 15 (75.0%) 0.1027

Tongue 20 (43.5%) 11 (55.0%) 0.4310

*= Fisher’s exact test

Figure 1. Italian patient with Poland-Möbius sequence. A) Mask-like facies and esotropia. 
B) Right brachysyndactyly. 

A B

Figure 2. Brazilian patient with Möbius sequence presenting upper and lower limb 
defects. A) Amputation defect in left upper limb. B) Bilateral feet deformity with ampu-
tation defects on the left foot.

A B
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to early chorionic villus sampling. In a study that included 25 patients 
with Möbius sequence, there was 1 case associated with chorionic 
villus sampling in the ninth week of gestation(2). Lipson et al.(14) and 
Ghabrial et al.(15), described events during pregnancy associated with 
Möbius sequence that included hyperthermia, electrical shock, threa
tened abortion, prolonged rupture of the membranes, and alcohol 
abuse. 

Viral rosella and influenza infections were reported by some Ita-
lian mothers and rubella and dengue viral infection by some Brazilian 
mothers in the current case series; in 1 case from the Brazilian group, 
a mother reported both a rubella infection during the first trimester 
of pregnancy and also the use of 2800 mcg of misoprostol as an abor-
tifacient. Amaya et al.(16) has reported 2 mothers with a non-specific 
viral infection and 1 with an unconfirmed rubella infection during 
the first trimester of pregnancy. However, a previous study from our 
group involving the Brazilian series and investigating the humoral 
immune response to dengue virus concluded that the dengue virus 
infection could not be considered as a factor involved in the genesis 
of Möbius sequence(26).

Overall, the clinical features of patients from both groups were 
similar and consistent with previous studies(2,3,15,16). The most common 
eye motility pattern detected in Möbius sequence patients is an 
apparent horizontal gaze paresis usually associated with marked 
abduction limitation and variable adduction deficits(27,28). In the VI 
nerve nucleus there are neurons whose axons form the ipsolateral 
abducens nerve and interneurons whose axons reach the medial 
longitudinal fasciculus and ascend for innervating the subnucleus 
of the contralateral III nerve. This arrangement possibly explains how 
a lesion at the VI nerve nucleus can cause the ipsilateral horizontal 
gaze palsy(27).

In the present series, there were straight eyes in the primary gaze 
position in 28.3% of the Brazilian cases and in 40.0% of the Italian ca-
ses, and exotropia in 17.4% of the Brazilian patients and 15.0% of the 
Italian cases. In another study that included 46 patients with Möbius 
sequence from Italy, there was orthotropia in 41.3% of the cases and 
exotropia in 8.7% in the primary gaze position(29).

Three (4.5%) of our cases had Duane retraction syndrome, which 
has been reported by other authors(3). One of these cases had hypo-
gonadotropic hypogonadism. In Möbius sequence, hypogonadotropic 
hypogonadism is an unusual finding, with only 8 previously reported 
cases in the literature(29). In addition, 3 (4.5%) cases presented Poland-
Möbius sequence. There was no association with misoprostol use 
during pregnancy in these patients. The Poland-Möbius sequence is 
the result of the rare overlapping of Poland and Möbius sequence, 
with an estimated prevalence of 1:500.000(30,31). 

Malformations of the extremities were seen in 58.7% of the Bra-
zilian patients and in 60.0% of the Italian patients, corroborating the 
findings of Verzijl et al.(3) The most common in our cases was clubfoot, 
present in almost half of the patients of both groups. Anatomic chan-
ges and impaired motility and fasciculation of the tongue occurred 
in 43.5% of the Brazilian cases and in 55.0% of the Italian cases. This 
finding was less frequent in the present study than in a Swedish study, 
which found tongue abnormalities in two-thirds of the patients(2). 
In addition, both groups had cases with ear anomalies. In Möbius 
sequence patients, a defect of the elastic cartilage of the ear is typical 
and a posteriorly rotated ear is frequently seen(20). 

The present study has some limitations; the results can be affec-
ted by memory recall bias as, in some cases, the interviews were 
performed with the mothers after several years from the end of the 
pregnancy. Age in the Brazilian group ranged from three months to 
16 years and in the Italian group from 5 months to 33 years. Among 
Brazilian mothers there is evidence of emotional suffering in recalling 
the details of drug use (misoprostol) as an abortifacient. 

In conclusion, this study provides more insight into pregnancy 
factors, family history, and malformations of a series of Möbius se-
quence patients from Brazil and from Italy. The sociodemographic 

and gestational profiles of patients from the two countries differed. 
Mothers from the Brazilian series had a lower level of education and 
more unstable marital statuses. Adverse events during pregnancy 
varied between the groups, due to environmental factors, and socio-
demographic and cultural aspects. Möbius sequence was associated 
with misoprostol use during pregnancy as an abortion method in 
more than half of the pregnancies of the Brazilian series and in none 
of the Italian. Only in the Italian series was chorionic villus sampling 
implemented during pregnancy. Viral infection was reported during 
the gestational period in both groups. Patients presented with wide 
variability of ocular, somatoskeletal, and cranial nerve abnormalities, 
the prevalence of which were similar in both groups. 
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