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Abstract 

Background  The rarity of pregnancies in women with arthrogryposis multiplex congenita (AMC) could 
lead to healthcare providers having limited exposure to these cases. Consequently, they may be less familiar 
with the possibilities and challenges associated with pregnancies in women affected by AMC. AMC is an umbrella 
term for a disorder with multiple contractures at birth, having a broad spectrum of causes, onset and severity 
of expression. A clinical classification describing the phenotype is Group 1 with primary limb involvement, Group 
2 with musculoskeletal involvement plus other system anomalies, and Group 3 with musculoskeletal involvement 
plus central nervous system dysfunction and/or intellectual disability. A scoping review was conducted to review 
available literature on documented cases of pregnancies in women with AMC, with the following aims: (1) to outline 
the maternal, fetal and neonatal outcomes; (2) to describe AMC stability during and after pregnancy (worsening 
of symptoms due to contractures, increased muscle weakness, pain or lung involvement); and (3) to summarize 
counselling aspects during pregnancy for expecting mothers who have AMC.

Results  This scoping review included 27 manuscripts reporting on 43 women with 82 pregnancies, of whom 18 
in Group 1, 20 in Group 2, 2 in Group 3, and 3 with an unknown type. Details on pregnancy-related outcomes could 
be depicted from 26 of the 43 women concerning 31 pregnancies. Among these pregnancies, 74% (23/31) had 
a cesarean section delivery, of which 74% (17/23) were elective. Children were born preterm before week 37 in 7 
of 31 pregnancies (22%). A birth weight below the 10th percentile was seen in 6 of the 24 (25%) with a reported birth 
weight. The course of the pregnancy was uneventful in 16 of the 26 women (62%). Pregnancy had a limited negative 
influence on AMC stability except for three cases with a transient worsening of lung function.

Conclusions  Gathering the information of the case histories revealed that the majority of the reported women 
had Distal Arthrogryposis with stable AMC during pregnancy and after delivery. The risk to have a cesarean section, 
preterm labour or a small for gestational age child is higher in this group than in the general population. Insights 
obtained by this review emphasized to offer (pre)pregnancy counselling and care by a multidisciplinary team tailored 
to the women’s type of AMC, to ensure optimal preparation for both obstetric, genetic, neurologic, pulmonary 
and anesthetic care during pregnancy, delivery and postpartum period.
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Background
Arthrogryposis multiplex congenita (AMC) is a group of 
rare diseases occurring in 1 in 3000–5200 live births [1, 
2]. Healthcare providers have therefore a limited expo-
sure to the possibilities and challenges associated with 
pregnancies in women affected by AMC. AMC is phe-
notypically characterized by multiple joint contractures 
manifesting in diverse anatomical regions and varying 
degrees of severity [1]. Its etiology is varied and includes 
genetic and non-genetic factors, including neuromuscu-
lar conditions, maternal illnesses, and limited intrauter-
ine space [1–3]. The type of AMC was grouped into three 
groups depending on involvement according to Hall et al. 
[1]: Group 1 with primary limb involvement, Group 2 
with musculoskeletal involvement plus other system 
anomalies, and Group 3 with musculoskeletal involve-
ment plus central nervous system dysfunction and/or 
intellectual disability.

Several evaluations in adults with AMC revealed a 
higher quality of life compared to the general population, 
despite the prevalent experiences of pain and fatigue in 
individuals with AMC [4–13] Notably, half of the adults 
with AMC lead independent lives with active engage-
ment in work and social spheres, with the other half 
requiring some level of assistance [5, 9]. Given their pro-
ductive lives, it is understandable that pregnancy-related 
questions such as child wish arise among women with 
AMC [4, 14, 15]. A previous study showed a higher risk of 
adverse outcomes in pregnant women with physical (e.g. 
cerebral palsy), intellectual (e.g. DiGeorge syndrome), 
and sensory conditions (e.g. glaucoma) [16]. Accessibil-
ity to maternity care remains limited for these women 
[17]. Women with physical disabilities experience vari-
ous challenges, including physical barriers, communica-
tion knowledge deficits with healthcare providers and 
limited accessibility to maternity care such as wheelchair 
accessible rooms and equipment adapted to their needs 
[17]. Additionally, a survey among women with AMC has 
also emphasized the need for information on pregnancy-
related topics [4].

Prompted by international patient support groups 
for AMC, a scoping review was conducted to evalu-
ate whether pregnant women with AMC are at risk of 
complications for themselves, their fetus, or newborns 
to address the knowledge gap regarding pregnancy out-
comes in women with AMC. Our focus was on mater-
nal, fetal and neonatal outcomes, including maternal 
stability of AMC during and after pregnancy (worsening 
of symptoms due to the contractures, increased muscle 
weakness, pain or lung involvement), and counselling for 
women before and during their pregnancies. The insights 
gained by this literature review will increase awareness 

among healthcare providers and women with AMC 
about the possibilities and challenges during pregnancy.

Methods
A scoping review was conducted to better understand 
what is known about pregnancies among women with 
AMC [18–20]. Specifically, we addressed the following 
aims: (1) outline the maternal, fetal and neonatal out-
comes; (2) describe AMC stability during and after preg-
nancy (worsening of symptoms due to the contractures, 
for example increased muscle weakness, pain or lung 
involvement); and (3) summarize counselling aspects 
during pregnancy for expecting mothers who have AMC.

A systematic search of the literature was performed in 
the following databases: PubMed, Embase, and Web of 
Science. The timeframe within the databases was from 
inception to 5th August 2024 and conducted by the 
librarians. The search included keywords and free text 
terms for (synonyms of ) ’arthrogryposis’ combined with 
(synonyms of ) ’pregnancy’ combined with (synonyms of ) 
’data collection method’. Selection of manuscripts is done 
by applying all manuscripts related to maternal, fetal, and 
neonatal outcomes in pregnancy in women with AMC or 
counselling aspects (Fig. 1). A full overview of the search 
terms per database can be found in the supplementary 
information (Additional File 1). No limitations on date 
or language were applied in the search. The PRISMA-
ScR checklist for scoping reviews was used to guide the 
conduct of this review (Additional File 2) [20].

The Rayyan website (www.​rayyab.​qcri.​org), which sup-
ports storage, multi-person selection, and grouping of 
the manuscripts, was used for the selection of manu-
scripts following a de-duplication process. Two investi-
gators (AA and JIPdV) completed the screening process 
at the titles and abstracts, and full texts independently 
in a blinded fashion. Manuscripts that were not selected 
by both investigators were excluded for this review and 
a third reviewer was not consulted in case of disagree-
ments. The residual manuscripts were assessed again on 
relevance by both investigators together. The quality of 
the included studies was not appraised. Data extraction 
was done by the two investigators.

The type of AMC was grouped into three groups 
depending on clinical involvement according to Hall et al 
[1, 21]: Group 1 with primary limb involvement, Group 
2 with musculoskeletal involvement plus other system 
anomalies, and Group 3 with musculoskeletal involve-
ment plus central nervous system dysfunction and/or 
intellectual disability.

The information in these manuscripts was finally cat-
egorized in the following aspects:

http://www.rayyab.qcri.org
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1.	 Maternal, fetal and neonatal outcomes.
2.	 AMC stability during and after pregnancy: maternal 

difficulties were extracted from the included stud-
ies, such as worsening of symptoms due to the con-
tractures, increased muscle weakness, pain, or lung 
involvement.

3.	 Counselling aspects in AMC: corresponding advice 
provided in the various manuscripts were gathered.

Results
The search yielded a total of 211 manuscripts about AMC 
and pregnancy; 27 met the inclusion criteria and were 
included in this review (Fig. 1). These 27 reports included 
43 women and 82 pregnancies (Table 1) [22–46].

Maternal, fetal and neonatal outcomes
Median maternal age during pregnancy was 25 years 
(range: 19–37 years). AMC group distribution was 18 
women in Group 1, 20 women in Group 2, two in Group 
3, and three with an unknown type. Regarding physi-
cal ability, at least 26 women (60%) were able to achieve 
independence in mobility with or without aids. The 
assumed inheritance (based on the clinical presentation 
and family history) was known in 29 of the 43 women: 
autosomal dominant in 27, and autosomal recessive in 2. 

Genetic causes were found in nine women. Characteris-
tics of the women concerning AMC groups, inheritance, 
involved body parts and maternal age during gestation 
are presented in Table 1.

Details on pregnancy-related outcomes could only be 
depicted from the first 26 women with in total 31 preg-
nancies (Table 2). Among these pregnancies, 74% (23/31) 
had a cesarean section delivery, of which 74% (17/23) 
were elective. The remaining 26% (8/31) of deliveries 
were vaginal, with an uncomplicated labour in 5 cases, 
forceps extraction in 1 case, and vacuum extraction in 
another. Children were born preterm (before week 37) in 
7 of 31 pregnancies (22%). A birth weight below the 10th 
percentile was seen in 6 of the 24 (25%) with a reported 
birth weight. The course of the pregnancy was unevent-
ful in 16 of the 26 women (62%), without reported pain, 
premature labour, lung problems, or difficulties dur-
ing analgesia. Only one of the manuscripts reported on 
hypertensive disorder of pregnancy. Miscarriage percent-
age, or fertility issues were not reported in the manu-
scripts. Maternal and fetal outcomes are presented in 
Table 2.

The obstetric outcomes of cases 1–26 were categorized by 
group. In Group 1 (n = 7), one woman (14%) had a vacuum-
assisted vaginal delivery, three (43%) underwent cesarean 
sections, and the mode of delivery was unknown for the 

Fig. 1  Flowchart of the literature search on pregnancies in women with AMC by using the PRISMA criteria
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remaining three (43%). In Group 2 (n = 16), four women 
(25%) had vaginal deliveries, 11 (69%) underwent cesarean 
sections, and one experienced a preterm labour at 22 weeks. 
In Group 3 (n = 2), both women had cesarean sections.

AMC was suspected prenatally in 9 of the 82 pregnan-
cies (11%), with contractures in hands and feet in 5, only 
in the hands in 3, and only clubfeet in 1 (Table 2). The 43 
women gave birth to at least 71 liveborn children, with 
two neonatal deaths as a result of AMC in one case and 
in another case due to cardiorespiratory failure in a new-
born with osteogenesis imperfecta and fractures. Post-
natally, AMC was diagnosed after birth in 49% of the 
liveborn children (35 of the 71). Neonatal feeding prob-
lems or a pharyngeal obstruction were reported in cases 
7, 10 and 13. Admission to a Neonatal Intensive Care 
Unit (NICU) was mentioned once, due to respiratory dis-
tress after a labour at 38 weeks. All neonatal outcomes 
are presented in Table 3.

AMC stability during and after pregnancy
Lung problems were mentioned in three manuscripts on 
three women, of whom two were grouped into Group 2 
and one in Group 3. In one case (case 9) with a severe 
kyphoscoliosis, admission at 16 weeks gestational age was 
reported due to this problem. The uterine fundus was at 
xyphoid level. Antenatal corticosteroids were adminis-
tered due to breathlessness and dosage of inhaled agonist 
and steroid was increased along with chest physiotherapy 
and upright position during sleep enabled continua-
tion of the pregnancy till a gestational age of 29 weeks. 
Case 11 also reported breathlessness during pregnancy. 
Another woman (case 6) underwent an elective section 
cesarean due to a kyphoscoliosis and respiratory com-
promise. From these 3 women with maternal difficul-
ties, none had a child affected by AMC. No reports were 
found in the included manuscripts on fatigue during or 
after pregnancy, hyperemesis, gestational diabetes, use of 
medication such as pain reliever, or anemia. Comments 
on challenges caused by maternal AMC during and after 
pregnancy are presented in Tables 2, 3, respectively.

Counselling aspects in AMC and pregnancy
The utilization of pre-pregnancy counselling, a medical 
consultation before pregnancy aiming to optime health 
and to address potential pregnancy-related risks, was 
described in one manuscript [37]. Counselling advice 
to perform before, during and after pregnancy from the 
included manuscripts are grouped in Table 4.

Discussion
This study makes a significant contribution in filling the 
knowledge gap concerning pregnancy-related topics in 
43 women with AMC. The outcomes of pregnancy were 

reviewed in 82 pregnancies published during a 40-year 
period from 1984 to 2024. This information can serve as 
an important support for healthcare professionals who 
provide care for women with AMC and for the AMC 
community.

Maternal, fetal and neonatal outcomes
The characteristics of the women with AMC affect an 
about equal distribution of the AMC Groups 1 and 2. 
Notably, only two women were diagnosed with Amyo-
plasia, which is in contrast with the typical distribution 
observed in live-born children with AMC, where about 
a third has Amyoplasia [1]. This suggests that the review 
may not fully represent the general population of indi-
viduals with AMC. The low occurrence of AMC Group 
3 with musculoskeletal involvement plus central nerv-
ous system dysfunction, namely 2 of the 43 women (5%), 
might be attributed to the severity of these conditions. 
For example, these individuals are typically more severely 
impacted, and may therefore have lower pregnancy 
rates. Regarding physical ability, at least 26 women (60%) 
achieved mobility independence, aligning with the 52% 
observed in a cohort of 177 individuals with AMC [9].

Details on pregnancy-related outcomes could be 
depicted from 26 of the 43 women (cases 1–26) with in 
total 31 pregnancies. The mode of delivery among these 
women was in one-quarter a vaginal delivery (8 of the 
31 pregnancies) and in the remaining 74% a cesarean 
section. The percentage of cesarean sections among 
cases 1–26 was higher than in the general American 
population (30–32%) [47]. Among this group, the 
distribution of elective and emergency cesarean section 
was 17 (74%) and 6 (26%), respectively. The main reason 
for an elective cesareans were suspected cephalopelvic 
disproportion and for the emergency cesarean section 
lack of progress during labour. Breathlessness caused by 
the AMC and the expanding gravid uterus was the reason 
to perform an elective cesarean section three times 
(cases 6, 9 and 11). The reported percentage of preterm 
deliveries (< 37th week) among cases 1–26 was 22% 
(7 of the 31), with a median at 31 weeks (range 20–36 
weeks). This finding is also higher than in the worldwide 
general population observed 12% [48]. One-quarter (6 of 
the 24) of all infants with a reported birth weight had a 
birth weight below the 10th percentile. A recent study 
confirmed a smaller weight in 206 American children 
with AMC in comparison to typically developing 
children during the first 36 months of life [49]. A higher 
maternal risk of adverse outcomes was also observed 
in a recent retrospective study among 2074 women 
with a physical, intellectual, and sensory disability [16]. 
This study showed higher rates of cesarean sections 
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Table 3  Postnatal outcomes, including maternal and neonatal complications

Case Difficulties (maternal) Difficulties (neonatal) Child with AMC? (number/total 
children)

Birth weight (gram, percentile)

1 No No 1/1 3700, 75th

2 No No Died on day 5 of another 
autosomal dominant disease 
osteogenesis imperfecta, born 
with fractures and unexplained 
cardiorespiratory failure
No

3/3 3 × affected hands, feet, facial 
anomalies

3100, 10th
2700, 3rd
3100, 10th

3 No No 0/1 2740, 14th

4 No No 2/2
fingers, hips, feet
wrists, hands, feet and also lim‑
ited knee movements and micro‑
gnathia

2120, 25th
2180, 10th

5 No No 0/1 Appropriate growth for gestational 
age

6 No No 0/1 UK

7 No feeding difficulties, gastrostomy 
tube, 18 month

1/1elbows, wrist, fingers, hips, 
knees, feet facial, limited mouth 
opening, Identical to the mother

2400, 25th

8 No, discharged 3 days postop‑
eratively

No 0/1 UK, healthy

9 No, walked with crutches within 2 
days after operation. Thrombo‑
profylaxis for 6 weeks postpartum

No, thrived well, home after 6 
weeks

0/1 1300(girl), 10-50th

10 No Intubation of the fetus due 
to functional pharyngeal obstruc‑
tion, followed by tracheostomy

1/1, feet, hands, polyhydramnios, 
reduced rolling movements, 
small gastric bladder
Functional pharyngeal obstruc‑
tion caused by the Freeman-
Sheldon Syndrome

3420, 50-90th

11 No No, thrived well 0/1 1100, < 3rd

12 No No 0/1 2500 gr, 10-50th

13 No Feeding problems due to microg‑
nathia. 10 days after birth 1 week 
hospitalized because of aspiration 
pneumonia,
4 weeks after birth resuscitation 
because breathing difficulties 1 
h after bottle feeding, not suc‑
cessful, child died. Suspected 
aspiration pneumonia

1/1,
Hands, feet, facial abnormalities, 
triangular face, downslanting 
palpebrae fissures, small mouth

2560, 3rd-10th

14 No No, follow-up through 6 months 0/1 2755, 5-10th

15 No, postpartum + 6 days home No UK UK

16 No, postpartum normal No, stable 0/1 UK

17 No, after 3 days to home No 0/1 3020, 10-50th

18 No No 1/1, Distal arthrogryposis, arach‑
nodactyly, and hip dislocation

2470, 10-50th

19 No 2 × Death caused by immaturity 2/2 Contractures feet, knees, hips, 
hands, mild scoliosis, retrog‑
nathia, pterygium colli

340 and 420 (twin)

20 UK No 1/1 3124, 10-25th

21 UK UK 1/1 UK

22 UK No 1/1 upper and lower limbs 2430, < 3rd

23 UK UK 0/2 UK

24 UK UK UK UK

25 UK UK 1/1 3700, 62nd
3120, 17th
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and premature rupture of membranes in women with a 
disability compared to those without [16].

These 43 women gave birth to at least 71 liveborn chil-
dren, with two neonatal deaths as a result of AMC in one 
case and in another case due to the coexisting osteogen-
esis imperfecta (cases 2 and 13). One woman had a spon-
taneous and immature delivery of twins affected by AMC 
at 20 weeks (case 9). Another woman with Sheldon Hall 
syndrome terminated the pregnancy due to a pathogenic 
variant in the TNNT3 gene (case 29). In this case, pre-
natal ultrasound examinations had shown abnormalities 
and prenatal invasive testing confirmed that the fetus 
was also affected. Additionally, prenatal invasive testing 
was reported in another case, but the results were not 
discussed and the author did not mention which genetic 
tests were performed (case 10).

Sonographic structural examination led nine times to a 
prenatal suspicion of fetal AMC. Additional descriptive 
fetal motor assessment was described in two manuscripts 
[33, 41]. Maternal perceived fetal movements were men-
tioned in six cases (1, 3, 10, 18, 19 and 22) and serial 
ultrasound investigations were performed in six cases (1, 
2, 4, 11, 14 and 18). Serial examinations are the advised 
manner to observe if the phenotypical features of AMC 
worsen over time [50–52]. Finally, AMC was diagnosed 
after birth in 49% of the liveborn children (35 of the 
71). This high percentage can be explained by the high 
percentage of autosomal dominant inheritance in this 
population.

Over time, new genetic techniques have been 
developed. While there are nine women with a proven 
genetic abnormality in the current study, we assume 
that more women had a genetic disorder who have never 
been tested. In this population, the inheritance of 14 
of the 43 mothers was not known. A genetic diagnosis 

could help to confirm the genotype of AMC and to 
estimate the recurrence rate [53]. Recently, Laquierriere 
et  al. emphasized the additional value of Whole 
Exome Sequencing to targeted exome sequencing in a 
population of unrelated parents from children with AMC 
[54]. Therefore, a close collaboration is crucial between 
clinical geneticist and obstetrician who should be up to 
date on new genetic testing possibilities.

AMC stability during and after pregnancy
Stability of AMC during and after pregnancy did not 
deteriorate in most of the included cases, as far as this 
was described in the included manuscripts. There were 
three exceptions. Three women experienced breathless-
ness during pregnancy (cases 6, 9 and 11). In all cases it 
was caused by the combination of small stature and sco-
liosis. Only one other manuscript described immobility 
and pain [8]. The latter is unexpected since pain is com-
monly experienced in adult populations with AMC and 
also in pregnant women without AMC [9, 55, 56].

Counselling aspects in AMC and pregnancy
A few aspects for (pre) pregnancy counselling for women 
with AMC will be highlighted. Firstly, the importance 
of a multidisciplinary approach was emphasized by 
various authors [8, 25, 27, 31, 34, 37, 39, 40, 44]. The 
team should be tailored to the type of AMC (e.g. 
gynecologist, neurologist, anesthesiologist, rehabilitation 
doctor, neonatologist, physiotherapist and/or social 
worker). Secondly, while a pre-pregnancy counselling 
was described in only one manuscript, we emphasize 
its importance [37]. A pre-pregnancy counselling 
should focus on the understanding of the impact of 
AMC on pregnancy and vice versa. This stepwise 
approach evaluating the opportunities and challenges is 

Table 3  (continued)

Case Difficulties (maternal) Difficulties (neonatal) Child with AMC? (number/total 
children)

Birth weight (gram, percentile)

26 No NICU admission due to respira‑
tory distress

1/1 2460, 5th

27 UK UK 1/1, hand UK

28 UK UK 1/1, hand UK

29 UK - 1/1, hand UK, termination of pregnancy

30 UK No 0/5 UK

31 UK UK UK UK

32 UK UK UK UK

33 UK UK 1/1 Clinodactyly and campto‑
dactyly

UK

34 UK UK 1/1 Upper and lower limbs, 
fingers, feet, hips

3600, > 10

25–43 UK UK 16/31 UK
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Table 4  Overview of advice mentioned in the included articles from the literature search AMC and pregnancy

Period Counselling aspect Explanation

Prepregnancy Genetic counseling Geneticists informs about the types of AMC and update on possible genetic tests [1]

Prepregnancy counselling Multidisciplinary approach [8, 35]
Contraceptive advice [35]
Discussing facts and challenges of pregnancy and AMC [37]
Respiratory function test if applicable [37]

Pregnancy Medical history Obstetric history (prior pregnancies, mode and time of delivery, birth weight) [24, 25]
Prior operations, including type of anesthesia and possible advices [24, 27]
Family history [30]
Use of medication [30]
Mobility: independent walking, walking with aids, wheelchair bound, immobility [27]

Physical examination Physical examination with extra focus of members of multidisciplinary team (e.g. gynaecolo‑
gist, internist, pulmonologist, anesthesiologist) [25, 27]
Weight, height, BMI [25]
Extremities including mobility (including range of movements of the joints) [8]
Cardiovascular and respiratory system [40]
Head and neck area (e.g. micrognathia or high arched palate), including Mallampati score 
and neck mobility [24, 25, 39]
Shoulders (e.g. deformity of the scapula) [25]
Spine (e.g. scoliosis, spina bifida, sacral agenesia or vertebral anomalies) [25]
Cardiovascular system (e.g. heart diseases) [25]
Respiratory system (e.g. tracheoesophageal fistula or hypoplastic lungs) [25]
Genitourinary system (e.g. rectal or labial defects) [25]
Abdomen (e.g. inguinal hernia) [25]
Venous access evaluation [30]

Home management Needs for home management dependent of mobility (aids) [8]
Local occupational therapist (for home modifications) [8]
Social worker [8]

Tromboprophylaxis Tailored counselling about using thromboprophylaxis during and after the pregnancy [28, 31]

Cervix length measurements Suggested in relation to increased risk of preterm labour [34]

In case of breathlessness (AMC related) Monitoring cardio-respiratory condition [31]
Peak expiratory flow rates measurements [31, 37]
Chest radiography (signs of infection?) [34]
Evaluation of the uterine fundus in relation to diaphragm [34]
Steroids for maternal lungs [34]
Chest physiotherapy. [34]
Advice upright sleeping position to reduce elevation of the diaphragm [34]
In case of worsening: counselling about continuation or terminating the pregnancy [34]

Serial ultrasound investigations Healthcare providers should be aware of recurrent AMC in the fetus [8, 37]:
- Features due to limited motility: joint contractures (e.g. clubfoot), micrognathia, decreased 
fetal movements, altered amniotic fluid
- Associated anomalies: brain and hearth anomalies, heart, joint webbing
- Fetal growth restriction

Prenatal testing First trimester test for aneuploidies [37]
Genetic counselling about prenatal invasive testing: risk calculation for fetal AMC [24, 37]
Genetic testing update possibilities(chromosomal or monogenic) [31]

Anesthetic

Anesthetic assessment Early in pregnancy anesthetic assessment [30, 39]
Expected difficulties during administration of analgesia [30, 39]
Craniofacial evaluation: cleft palate, laryngeal stenosis, craniosynosthosis, micrognathia
Spinal abnormalities: scoliosis, spina bifida, or sacral agenesis could have abnormal cerebrospi‑
nal fluid dynamics [25, 39]
Expected anesthetic problems during infusion placement (e.g. due to joint contractures 
or scarring), or insertion the catheter of the regional analgesia (e.g. due to spinal anomalies) 
[25]
Choice of anesthesia technique should be tailored to the individual patient’s anatomy, overall 
health, and the specific surgical procedure to optimize safety and efficacy [25]
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similar to individuals with other relatively rare chronic 
diseases like systemic lupus erythematosus and kidney 
disease [57–59]. Providing women with AMC a (pre)
pregnancy counselling is advantageous in preparing 
them for potential challenges during pregnancy, for 
example the respiratory system’s impairment leading 
to maternal discomforts such as breathlessness, 
potential anesthetic difficulties and increased risk of 
thromboembolisms caused by decreased mobility 
[37]. Closer follow-up and pre-pregnancy counseling 
are recommended, particularly for women with AMC 
who have short stature and scoliosis, as they appear to 
experience more complications. Additionally, factors 
such as difficulties with intravenous  access due to prior 
frequent venipunctures, thin subcutaneous tissue, and 
challenges in positioning for procedures should be 
considered in their clinical management.  In addition, it 
is advisable to have medical follow-up examinations for 
pregnant women with AMC in a secondary or tertiary 
healthcare center, according to existing comorbidities. 
The accessibility of the airway should always be 
checked in patients with AMC since limitations have 
been reported in 25% of these patients [60]. Regional 
anesthesia could be advantageous in these cases, but it 
could also be challenging in case of a scoliosis [60, 61]. A 
difficult intubation was described in two of the included 
manuscripts [25, 38]. The total number of cases with a 
general anesthesia is unknown. In case of severe airway 

obstruction, resorting to a tracheostomy may be a final 
option in patients with AMC [60, 61]. Nothing related to 
optimize intraoperative position or intravenous access 
was reported in any of the cases, despite the significance 
of these aspects [60].

Strengths and limitations
The strength of our literature search lies within 
the systematic approach of evaluating case reports 
concerning women with AMC with a pregnancy. The 
obtained knowledge facilitates information and advice in 
detail for professional healthcare providers and women 
with AMC. Most information on this rare disorder has 
been obtained concerning women with AMC group 1 
and 2, especially Distal arthrogryposis of various types 
(1 and higher) and limited to  Amyoplasia. A limitation 
is that despite the extensive   literature  search spanning 
four decades (1984–2024), the number of included cases 
is still modest. Moreover, not all manuscripts have been 
set-up with the goal in mind to examine the influence 
of AMC on pregnancy and vice versa. Therefore, no 
details on obstetrical outcome parameters could be 
given in a considerable proportion. We are aware of 
the Bamshad classification on arthrogryposis making 
a  precise distinction between various forms of distal 
arthrogryposis based on neurological examination and 
genetic findings [62]. The manuscripts of our study 
examined a period lacking this detailed information. On 

Table 4  (continued)

Period Counselling aspect Explanation

General versus regional analgesia Weigh the potential difficulties and risks [27, 31, 34]:
- Additional risks during general analgesia compared to regional analgesia are: difficulties 
during intubation due to a limited neck mobility and problems related to the decreased 
cardiopulmonary function
- Patients with AMC could react unpredictable on medications (e.g. muscle relaxants and inha‑
lation anesthetics). Therefore, proper dosing and careful monitoring are crucial [25, 37]
- Spinal analgesia could be challenging in patients with AMC who have spine deformities 
(e.g. scoliosis) Therefore, identifying and targeting nerves for blocks may be more difficult due 
to the altered anatomy

Delivery Mode of delivery Counselling about the mode of delivery, individualized and dependent of maternal and fetal 
investigations [8]

Timing of delivery In general term age. Challenge in case of for example maternal pulmonary discomfort (e.g. 
breathlessness) before term age, while the fetus is a good condition [31]
A pulmonary function test is suggested after 28 weeks gestational age in symptomatic 
patients and an electrocardiogram in asymptomatic patients and adjustments in more upright 
sleeping position [34]

Postpartum Maternal

Home management Modifications to a bassinet to enable self-sufficient care of the newborn [8, 34]
Social service provision: need for carers and housing [34]

Thromboprophylaxis Continuation of 6 weeks, in line with recommendation of the Royal College of Obstetricians 
and Gynaecologists [31]

Physical examination (neonatal)  Joint stature including range of motion, features of AMC, general physical evaluation, and birth 
weight [24]
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the other hand, all present individual data of the included 
women with AMC and their pregnancy outcome are 
listed systematically.

Future research
Future research with a larger sample size should strive to 
register prospectively influence of AMC on pregnancy 
and vice versa in women with different types of AMC. 
With this purpose in mind, a minimal common data set 
for an AMC register, inclusive pregnancy outcome has 
been designed by means of a multidisciplinary Delphi 
procedure inclusive patients with AMC [63]. Further-
more, more information is needed on aspects during 
delivery (e.g. leg positioning during vaginal or operative 
labour, pain relief during a vaginal labour) and post-
partum period (e.g. breastfeeding instructions with the 
affected limbs).

Conclusion
  This scoping review is an initial step in addressing the 
knowledge gap on the obstetrical outcome in women 
with AMC. The findings of this review underscore the 
importance of (pre-)pregnancy counselling concern-
ing the mode of delivery, possibility of preterm birth, 
and stability of AMC (worsening of symptoms due to 
contractures, increased muscle weakness, pain or lung 
involvement). The relevance of the obtained informa-
tion regarding possibilities and challenges is particularly 
strong for women with Distal Arthrogryposis and may 
not be directly applicable to other types of AMC. Further 
prospective studies are needed to provide more informa-
tion in a populations with a wider spectrum of AMC, 
especially Amyoplasia. The wide spectrum of the AMC 
phenotypic expression and underlying causes requires a 
multidisciplinary tailored approach to reduce the risks of 
cesarean section, preterm labor, and having a small-for-
gestational-age child. Additionally, it is crucial to address 
respiratory difficulties in cases of scoliosis and potential 
challenges during anesthetic procedures.

Abbreviations
AMC	� Arthrogryposis multiplex congenita
FADS	� Fetal akinesia deformation sequence
M.D.	� Doctor of Medicine
Ph.D.	� Doctor of Philosophy
UMC	� University Medical Centers

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13023-​025-​03631-5.

Additional file 1

Additional file 2

Acknowledgements
We would like to thank the librarians Ruben Lacroix and George Burchell from 
the Universiteitsbibliotheek of the Vrije Universiteit Amsterdam for their help 
during the preparation process of literature search for this review.

Author contributions
All authors fulfilled the criteria 1. Designing the study, 2. Drafting of revisions 
of the manuscript, 3. Approving the last version, 4. Agreed to be account‑
able for all aspects of the work in ensuring that all questions related to the 
accuracy or integrity of any part of the work are appropriately investigated 
and resolved.

Funding
None.

Availability of data and materials
Available on request.

Declarations

Ethics approval and consent to participate
The Medical Ethics Committee of the Amsterdam UMC agreed upon the lit‑
erature review study and assessed that this study is not subject to the Medical 
Research Involving Human Subjects Act (2022.0579).

Consent for publication
Not applicable.

Competing interests
The authors declare no conflicts of interest.

Author details
1 Department of Obstetrics and Gynecology, Amsterdam UMC, University 
of Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands. 
2 Amsterdam Reproduction and Development, Amsterdam, The Netherlands. 
3 Department of Human Genetics, Amsterdam UMC, University of Amster‑
dam, Amsterdam, The Netherlands. 4 Department of Rehabilitation Medicine, 
Amsterdam UMC, University of Amsterdam, Amsterdam, The Netherlands. 
5 Spierziekten Nederland, Patient Support Group, Focusgroup Arthrogyposis 
Multiplex Congenita, Baarn, The Netherlands. 

Received: 24 September 2024   Accepted: 20 February 2025

References
	1.	 Hall JG. Arthrogryposis (multiple congenital contractures): diagnostic 

approach to etiology, classification, genetics, and general principles. Eur 
J Med Genet. 2014;57(8):464–72. https://​doi.​org/​10.​1016/j.​ejmg.​2014.​03.​
008.

	2.	 Lowry RB, Sibbald B, Bedard T, Hall JG. Prevalence of multiple congenital 
contractures including arthrogryposis multiplex congenita in Alberta, 
Canada, and a strategy for classification and coding. Birth Defects Res 
A Clin Mol Teratol. 2010;88(12):1057–61. https://​doi.​org/​10.​1002/​bdra.​
20738.

	3.	 Kiefer J, Hall JG. Gene ontology analysis of arthrogryposis (multiple 
congenital contractures). Am J Med Genet C Semin Med Genet. 
2019;181(3):310–26. https://​doi.​org/​10.​1002/​ajmg.c.​31733.

	4.	 Sawatzky B, Dahan-Oliel N, Davison AM, Hall J, Van Bosse H, Mortenson 
WB, Registry Team. Development of an online registry for adults with 
arthrogryposis multiplex congenita: A protocol paper. Am J Med Genet C 
Semin Med Genet. 2019;181(3):454–460. https://​doi.​org/​10.​1002/​ajmg.c.​
31706.

	5.	 Carlson WO, Speck GJ, Vicari V, Wenger DR. Arthrogryposis multiplex 
congenital. A long-term follow-up study. Clin Orthop Relat Res. 
1985;194:115–23.

	6.	 Hartley J, Baker SR, Whittaker K. Living with arthrogryposis multiplex 
congenita: a survey. APCP J. 2013;4(1):19–26.

https://doi.org/10.1186/s13023-025-03631-5
https://doi.org/10.1186/s13023-025-03631-5
https://doi.org/10.1016/j.ejmg.2014.03.008
https://doi.org/10.1016/j.ejmg.2014.03.008
https://doi.org/10.1002/bdra.20738
https://doi.org/10.1002/bdra.20738
https://doi.org/10.1002/ajmg.c.31733
https://doi.org/10.1002/ajmg.c.31706
https://doi.org/10.1002/ajmg.c.31706


Page 16 of 17Arduç et al. Orphanet Journal of Rare Diseases          (2025) 20:129 

	7.	 O’Dea S, Shuttleworth R, Wedgwood N. Disability, doctors and sexuality: 
do healthcare providers influence the sexual wellbeing of people living 
with a neuromuscular disorder? Sex Disabil. 2011;30:171.

	8.	 Hackett A, Giles W, James S. Successful vaginal delivery in a woman with 
amyoplasia. Aust N Z J Obstet Gynaecol. 2000;40(4):461–3. https://​doi.​
org/​10.​1111/j.​1479-​828x.​2000.​tb011​83.x.

	9.	 Nouraei H, Sawatzky B, MacGillivray M, Hall J. Long-term functional 
and mobility outcomes for individuals with arthrogryposis multiplex 
congenita. Am J Med Genet A. 2017;173(5):1270–8. https://​doi.​org/​10.​
1002/​ajmg.a.​38169.

	10.	 Cirillo A, Collins J, Sawatzky B, Hamdy R, Dahan-Oliel N. Pain among 
children and adults living with arthrogryposis multiplex congenita: a 
scoping review. Am J Med Genet C Semin Med Genet. 2019;181(3):436–
53. https://​doi.​org/​10.​1002/​ajmg.c.​31725.

	11.	 Dai S, Dieterich K, Jaeger M, Wuyam B, Jouk PS, Pérennou D. Disability 
in adults with arthrogryposis is severe, partly invisible, and varies by 
genotype. Neurology. 2018;90(18):e1596–604. https://​doi.​org/​10.​1212/​
WNL.​00000​00000​005418.

	12.	 Altiok H, Flanagan A, Krzak JJ, Hassani S. Quality of life, satisfaction 
with life, and functional mobility of young adults with arthrogryposis 
after leaving pediatric care. Am J Med Genet C Semin Med Genet. 
2019;181(3):461–8. https://​doi.​org/​10.​1002/​ajmg.c.​31717.

	13.	 Cachecho S, Boruff J, Wong T, Lacombe F, Dahan-Oliel N. Psychosocial 
wellbeing among children and adults with arthrogryposis: a scoping 
review. Health Qual Life Outcomes. 2021;19(1):263. https://​doi.​org/​10.​
1186/​s12955-​021-​01896-5.

	14.	 Mazur E. Online dating experiences of LGBTQ+ emerging adults with 
disabilities. Sex Disabil. 2022;40:213–31.

	15.	 Steen U, Wekre LL, Vøllestad NK. Physical functioning and activities 
of daily living in adults with amyoplasia, the most common form of 
arthrogryposis. A cross sectional study. Disabil Rehabil. 2017;40(23):2767–
79. https://​doi.​org/​10.​1080/​09638​288.​2017.​13572​11.

	16.	 Gleason JL, Grewal J, Chen Z, Cernich AN, Grantz KL. Risk of adverse 
maternal outcomes in pregnant women with disabilities. JAMA Netw 
Open. 2021;4(12): e2138414.

	17.	 Heideveld-Gerritsen M, van Vulpen M, Hollander M, Oude Maatman S, 
Ockhuijsen H, van den Hoogen A. Maternity care experiences of women 
with physical disabilities: a systematic review. Midwifery. 2021;96: 102938.

	18.	 Levac D, Colquhoun H, O’Brien KK. Scoping studies: advancing the 
methodology. Implement Sci. 2010;20(5):69. https://​doi.​org/​10.​1186/​
1748-​5908-5-​69.​PMID:​20854​677;​PMCID:​PMC29​54944.

	19.	 Arksey H, O’Malley L. Scoping studies: towards a methodological 
framework. Int J Soc Res Methodol. 2005;8(1):19–32. https://​doi.​org/​10.​
1080/​13645​57032​00011​9616.

	20.	 Tricco AC, Lillie E, Zarin W, et al. PRISMA extension for scoping 
reviews (PRISMA-ScR): checklist and explanation. Ann Intern Med. 
2018;169:467–73. https://​doi.​org/​10.​7326/​M18-​0850T​ricco.

	21.	 Hall JG, Kimber E, van Bosse HJP. Genetics and Classifications. J Pediatr 
Orthop. 2017;37(Suppl 1):S4–8. https://​doi.​org/​10.​1097/​BPO.​00000​
00000​000997.

	22.	 Böckel J, Grassl F, Pfeiffer RA, Ruprecht KW, Heidbreder E. Konnatale 
Ptosis: Ein Kennzeichen für das Syndrom der multiplen Pterygien und 
für Arthrogryposen [Connatal ptosis: a symptom of the syndrome of 
multiple pterygium and arthrogryposes]. Klin Monbl Augenheilkd. 
1984;185(2):123–5. https://​doi.​org/​10.​1055/s-​2008-​10545​83.

	23.	 Kawira EL, Bender HA. An unusual distal arthrogryposis. Am J Med 
Genet. 1985;20(3):425–9. https://​doi.​org/​10.​1002/​ajmg.​13202​00302.

	24.	 Baty BJ, Cubberley D, Morris C, Carey J. Prenatal diagnosis of distal 
arthrogryposis. Am J Med Genet. 1988;29(3):501–10. https://​doi.​org/​10.​
1002/​ajmg.​13202​90305.

	25.	 Quance DR. Anaesthetic management of an obstetrical patient with 
arthrogryposis multiplex congenita. Can J Anaesth. 1988;35(6):612–4. 
https://​doi.​org/​10.​1007/​BF030​20349.

	26.	 Moore CA, Weaver DD. Familial distal arthrogryposis with craniofacial 
abnormalities: a new subtype of type II? Am J Med Genet. 
1989;33(2):231–7. https://​doi.​org/​10.​1002/​ajmg.​13203​30218.

	27.	 Rozkowski A, Smyczek D, Birnbach DJ. Continuous spinal anesthesia for 
cesarean delivery in a patient with arthrogryposis multiplex congenital. 
A clinical report. Reg Anesth. 1996;21(5):477–9.

	28.	 Stoll C, Alembik Y, Dott B. Familial distal arthrogryposis type I. Ann 
Genet. 1996;39(2):75–80.

	29.	 Gripp KW, Scott CI Jr, Brockett BC, Nicholson L, Mackenzie WG. 
Extending the spectrum of distal arthrogryposis. Am J Med Genet. 
1996;65(4):286–90. https://​doi.​org/​10.​1002/​(SICI)​1096-​8628(19961​111)​
65:4%​3c286::​AID-​AJMG8%​3e3.0.​CO;2-N.

	30.	 Spooner L. Caesarean section using a combined spinal epidural 
technique in a patient with arthrogryposis multiplex congenita. Int J 
Obstet Anesth. 2000;9(4):282–5.

	31.	 Hardwick JCR, Irvine GA. Obstetric care in arthrogryposis multiplex 
congenita. BJOG. 2002;109:1303–4.

	32.	 Jiang M, Han WT, Bian CY, Wang G, Li WZ, Sun LN, Yang Z. Report of 
a rare distal arthrogrophy large family. Yi Chuan. 2004;26(6):803–6 
(Chinese).

	33.	 Leeners B, Sauer AI, Rath W, Funk A. Prenatally diagnosed 
arthrogryposis multiplex congenita due to pathological changes in the 
fetal heart rate pattern. Prenat Diagn. 2005;25(7):625–6. https://​doi.​org/​
10.​1002/​pd.​1208.

	34.	 Duffy J, Iyer J. Successful management of pregnancy in arthrogryposis 
multiplex congenita. Internet J Gynecol Obstet. 2006. https://​doi.​org/​10.​
5580/​124d.

	35.	 Singhal S, Paul A, Nanda S, Singhal SK. Successful pregnancy outcome by 
caesarean section in a woman with arthrogryposis multiple congenita 
(AMC). Afr J Reprod Health. 2010;14(3):233–4.

	36.	 Ko JM, Choi IH, Baek GH, Kim KW. First Korean family with a mutation 
in TPM2 associated with Sheldon-Hall syndrome. J Korean Med Sci. 
2013;28(5):780–3. https://​doi.​org/​10.​3346/​jkms.​2013.​28.5.​780.

	37.	 Castro J, Abreu-Silva J, Godinho C, Valente F. Successful pregnancy in a 
woman with arthrogryposis multiplex congenita. BMJ Case Rep. 2013. 
https://​doi.​org/​10.​1136/​bcr-​2013-​201621.

	38.	 Darwich A, Weinberg R. Anesthetic management of a parturient with 
arthrogryposis multiplex congenita (AMC) for urgent cesarean delivery: 
11AP1–6. Eur J Anaesthesiol. 2014;31:177.

	39.	 Sadacharam K, Ahmad M. Epidural anesthesia for labor pain and cesarean 
section in a parturient with arthrogryposis multiplex congenita. J 
Anaesthesiol Clin Pharmacol. 2016;32(3):410–1. https://​doi.​org/​10.​4103/​
0970-​9185.​188828.

	40.	 Guzman-Lopez A, et al. Tratamiento y desenlace obstétrico de una 
paciente con artrogriposis múltiple congénita. Ginecol obstet Méx. 
2019;87:253–6.

	41.	 De Burca A, Ioannou C, Vandersteen A, Pope FM, Cilliers DD. Intrafamilial 
variability of clinical features in distal arthrogryposis type 2B. Clhackin 
Dysmorphol. 2019;28(1):35–7.

	42.	 Tang K, Shen X, Shu Y, Yao J, Shen G. Genetic analysis and prenatal 
diagnosis of a pregnant woman with Sheldon-Hall syndrome. Zhonghua 
Yi Xue Yi Chuan Xue Za Zhi. 2020;37(9):1025–8. https://​doi.​org/​10.​3760/​
cma.j.​cn511​374-​20190​720-​00359. (Chinese).

	43.	 Pollazzon M, Caraffi SG, Faccioli S, Rosato S, Fodstad H, Campos-Xavier 
B, Soncini E, Comitini G, Frattini D, Grimaldi T, et al. Clinical and genetic 
findings in a series of eight families with arthrogryposis. Genes. 
2022;13(1):29.

	44.	 Llewellyn H, Volikas I. Spinal anaesthesia for caesarean section in a 
patient with Arthrogryposis Multiplex Congenita (AMC) following MRI 
assessment. Conference abstract. Anesthesia and Analgesia 2021;133:3 
SUPPL 2 (1089).

	45.	 Sherlaw-Sturrock CA, Willis T, Kiely N, Houge G, Vogt J. PIEZO2-related 
distal arthrogryposis type 5: longitudinal follow-up of a three-generation 
family broadens phenotypic spectrum, complications, and health 
surveillance recommendations for this patient group. Am J Med Genet A. 
2022;188(9):2790–5.

	46.	 Serra G, Antona V, Cannata C, Giuffrè M, Piro E, Schierz IAM, Corsello G. 
Distal Arthrogryposis type 5 in an Italian family due to an autosomal 
dominant gain-of-function mutation of the PIEZO2 gene. Ital J Pediatr. 
2022;48(1):133.

	47.	 Antoine C, Young BK. Cesarean section one hundred years 1920–2020: 
the Good, the Bad and the Ugly. J Perinat Med. 2020;49(1):5–16. https://​
doi.​org/​10.​1515/​jpm-​2020-​0305.

	48.	 Da Fonseca EB, Damião R, Moreira DA. Preterm birth prevention. Best 
Pract Res Clin Obstet Gynaecol. 2020;69:40–9. https://​doi.​org/​10.​1016/j.​
bpobg​yn.​2020.​09.​003.

	49.	 Hyer LC, Shull ER, Fray B, Westberry DE. Growth charts for children 
with arthrogryposis multiplex congenita. Clin Pediatr (Phila). 
2024;63(4):541–50.

https://doi.org/10.1111/j.1479-828x.2000.tb01183.x
https://doi.org/10.1111/j.1479-828x.2000.tb01183.x
https://doi.org/10.1002/ajmg.a.38169
https://doi.org/10.1002/ajmg.a.38169
https://doi.org/10.1002/ajmg.c.31725
https://doi.org/10.1212/WNL.0000000000005418
https://doi.org/10.1212/WNL.0000000000005418
https://doi.org/10.1002/ajmg.c.31717
https://doi.org/10.1186/s12955-021-01896-5
https://doi.org/10.1186/s12955-021-01896-5
https://doi.org/10.1080/09638288.2017.1357211
https://doi.org/10.1186/1748-5908-5-69.PMID:20854677;PMCID:PMC2954944
https://doi.org/10.1186/1748-5908-5-69.PMID:20854677;PMCID:PMC2954944
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.7326/M18-0850Tricco
https://doi.org/10.1097/BPO.0000000000000997
https://doi.org/10.1097/BPO.0000000000000997
https://doi.org/10.1055/s-2008-1054583
https://doi.org/10.1002/ajmg.1320200302
https://doi.org/10.1002/ajmg.1320290305
https://doi.org/10.1002/ajmg.1320290305
https://doi.org/10.1007/BF03020349
https://doi.org/10.1002/ajmg.1320330218
https://doi.org/10.1002/(SICI)1096-8628(19961111)65:4%3c286::AID-AJMG8%3e3.0.CO;2-N
https://doi.org/10.1002/(SICI)1096-8628(19961111)65:4%3c286::AID-AJMG8%3e3.0.CO;2-N
https://doi.org/10.1002/pd.1208
https://doi.org/10.1002/pd.1208
https://doi.org/10.5580/124d
https://doi.org/10.5580/124d
https://doi.org/10.3346/jkms.2013.28.5.780
https://doi.org/10.1136/bcr-2013-201621
https://doi.org/10.4103/0970-9185.188828
https://doi.org/10.4103/0970-9185.188828
https://doi.org/10.3760/cma.j.cn511374-20190720-00359
https://doi.org/10.3760/cma.j.cn511374-20190720-00359
https://doi.org/10.1515/jpm-2020-0305
https://doi.org/10.1515/jpm-2020-0305
https://doi.org/10.1016/j.bpobgyn.2020.09.003
https://doi.org/10.1016/j.bpobgyn.2020.09.003


Page 17 of 17Arduç et al. Orphanet Journal of Rare Diseases          (2025) 20:129 	

	50.	 Niles KM, Blaser S, Shannon P, Chitayat D. Fetal arthrogryposis multiplex 
congenita/fetal akinesia deformation sequence (FADS)-aetiology, 
diagnosis, and management. Prenat Diagn. 2019;39(9):720–31. https://​
doi.​org/​10.​1002/​pd.​5505.

	51.	 Adam S, Coetzee M, Honey EM. Pena-Shokeir syndrome: current 
management strategies and palliative care. Appl Clin Genet. 
2018;25(11):111–20. https://​doi.​org/​10.​2147/​TACG.​S1546​43.​PMID:​30498​
368;​PMCID:​PMC62​07248.

	52.	 Tjon JK, Tan-Sindhunata MB, Bugiani M, Witbreuk MMEH, van der Sluijs 
JA, Weiss MM, van Weissenbruch MM, van de Pol LA, Buizer AI, van 
Doesburg MHM, Bakker PCAM, van der Knoop BJ, Linskens IH, de Vries 
JIP. Care pathway for foetal joint contractures, foetal akinesia deformation 
sequence, and arthrogryposis multiplex congenita. Fetal Diagn Ther. 
2021;48(11–12):829–39. https://​doi.​org/​10.​1159/​00052​0869.

	53.	 Rustad CF, Tveten K, Braathen GJ, Merckoll E, Kirkhus E, Fossmo HL, 
Ørstavik K. A woman in her fifties with chronic muscle weakness. Tidsskr 
Nor Laegeforen. 2022;142(1). English, Norwegian. https://​doi.​org/​10.​
4045/​tidss​kr.​21.​0038. Erratum in: Tidsskr Nor Laegeforen. 2022;142(2). 
https://​doi.​org/​10.​4045/​tidss​kr.​22.​0032.

	54.	 Laquerriere A, Jaber D, Abiusi E, Maluenda J, Mejlachowicz D, Vivanti 
A, Dieterich K, Stoeva R, Quevarec L, Nolent F, Biancalana V, Latour P, 
Sternberg D, Capri Y, Verloes A, Bessieres B, Loeuillet L, Attie-Bitach 
T, Martinovic J, Blesson S, Petit F, Beneteau C, Whalen S, Marguet F, 
Bouligand J, Héron D, Viot G, Amiel J, Amram D, Bellesme C, Bucourt 
M, Faivre L, Jouk PS, Khung S, Sigaudy S, Delezoide AL, Goldenberg 
A, Jacquemont ML, Lambert L, Layet V, Lyonnet S, Munnich A, Van 
Maldergem L, Piard J, Guimiot F, Landrieu P, Letard P, Pelluard F, Perrin L, 
Saint-Frison MH, Topaloglu H, Trestard L, Vincent-Delorme C, Amthor H, 
Barnerias C, Benachi A, Bieth E, Boucher E, Cormier-Daire V, Delahaye-
Duriez A, Desguerre I, Eymard B, Francannet C, Grotto S, Lacombe D, 
Laffargue F, Legendre M, Martin-Coignard D, Mégarbané A, Mercier S, 
Nizon M, Rigonnot L, Prieur F, Quélin C, Ranjatoelina-Randrianaivo H, 
Resta N, Toutain A, Verhelst H, Vincent M, Colin E, Fallet-Bianco C, Granier 
M, Grigorescu R, Saada J, Gonzales M, Guiochon-Mantel A, Bessereau JL, 
Tawk M, Gut I, Gitiaux C, Melki J. Phenotypic spectrum and genomics 
of undiagnosed arthrogryposis multiplex congenita. J Med Genet. 
2022;59(6):559–67. https://​doi.​org/​10.​1136/​jmedg​enet-​2020-​107595.

	55.	 Vladutiu CJ, Stringer EM, Kandasamy V, Ruppenkamp J, Menard MK. 
Emergency care utilization among pregnant medicaid recipients in North 
Carolina: an analysis using linked claims and birth records. Matern Child 
Health J. 2019;23(2):265–76. https://​doi.​org/​10.​1007/​s10995-​018-​2651-6.

	56.	 Thangarajah F, Baur C, Hamacher S, Mallmann P, Kirn V. Emergency 
department use during pregnancy: a prospective observational study 
in a single center institution. Arch Gynecol Obstet. 2018;297(5):1131–5. 
https://​doi.​org/​10.​1007/​s00404-​018-​4684-x.

	57.	 Blomjous BS, Johanna IPV, Zijlstra E, Cramer K, Voskuyl AE, Bultink 
AIEM. Desire to have children and preferences regarding to pre-
pregnancy counselling in women with SLE. Rheumatology (Oxford). 
2021;60(6):2706–13. https://​doi.​org/​10.​1093/​rheum​atolo​gy/​keaa6​84.

	58.	 Webster P, Lightstone L, McKay DB, Josephson MA. Pregnancy in chronic 
kidney disease and kidney transplantation. Kidney Int. 2017;91(5):1047–
56. https://​doi.​org/​10.​1016/j.​kint.​2016.​10.​045.

	59.	 Tzur Y, Yogev Y. Prepregnancy counseling in women over 50 years of age. 
Best Pract Res Clin Obstet Gynaecol. 2021;70:21–7. https://​doi.​org/​10.​
1016/j.​bpobg​yn.​2020.​07.​003.

	60.	 Ma L, Yu X. Arthrogryposis multiplex congenita: classification, diagnosis, 
perioperative care, and anesthesia. Front Med. 2017;11(1):48–52. https://​
doi.​org/​10.​1007/​s11684-​017-​0500-4.

	61.	 Anaesthesia recommendations for Arthrogryposis Multiplex Congenita, 
Orphananesthesia. https://​www.​orpha​nanes​thesia.​eu/​en/​rare-​disea​ses/​
publi​shed-​guide​lines/​arthr​ogryp​osis-​multi​plex-​conge​nita/​661-​arthr​
ogryp​osis-​multi​plex-​conge​nita/​file.​html.

	62.	 Bamshad M, Van Heest AE, Pleasure D. Arthrogryposis: a review and 
update. J Bone Joint Surg Am. 2009;91:40–6. https://​doi.​org/​10.​2106/​
JBJS.I.​00281.

	63.	 Nematollahi S, Dieterich K, Filges I, De Vries JIP, Van Bosse H, Benito DN, 
Hall JG, Sawatzky B, Bedard T, Sanchez VC, Navalon-Martinez C, Pan T, 
Hilton C, Dahan-Oliel N. Common data elements for arthrogryposis 
multiplex congenita: an international framework. Dev Med Child Neurol. 
2024. https://​doi.​org/​10.​1111/​dmcn.​15898.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1002/pd.5505
https://doi.org/10.1002/pd.5505
https://doi.org/10.2147/TACG.S154643.PMID:30498368;PMCID:PMC6207248
https://doi.org/10.2147/TACG.S154643.PMID:30498368;PMCID:PMC6207248
https://doi.org/10.1159/000520869
https://doi.org/10.4045/tidsskr.21.0038
https://doi.org/10.4045/tidsskr.21.0038
https://doi.org/10.4045/tidsskr.22.0032
https://doi.org/10.1136/jmedgenet-2020-107595
https://doi.org/10.1007/s10995-018-2651-6
https://doi.org/10.1007/s00404-018-4684-x
https://doi.org/10.1093/rheumatology/keaa684
https://doi.org/10.1016/j.kint.2016.10.045
https://doi.org/10.1016/j.bpobgyn.2020.07.003
https://doi.org/10.1016/j.bpobgyn.2020.07.003
https://doi.org/10.1007/s11684-017-0500-4
https://doi.org/10.1007/s11684-017-0500-4
https://www.orphananesthesia.eu/en/rare-diseases/published-guidelines/arthrogryposis-multiplex-congenita/661-arthrogryposis-multiplex-congenita/file.html
https://www.orphananesthesia.eu/en/rare-diseases/published-guidelines/arthrogryposis-multiplex-congenita/661-arthrogryposis-multiplex-congenita/file.html
https://www.orphananesthesia.eu/en/rare-diseases/published-guidelines/arthrogryposis-multiplex-congenita/661-arthrogryposis-multiplex-congenita/file.html
https://doi.org/10.2106/JBJS.I.00281
https://doi.org/10.2106/JBJS.I.00281
https://doi.org/10.1111/dmcn.15898

	Maternal, fetal and neonatal outcomes among pregnant women with arthrogryposis multiplex congenita: a scoping review
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	Results
	Maternal, fetal and neonatal outcomes
	AMC stability during and after pregnancy
	Counselling aspects in AMC and pregnancy

	Discussion
	Maternal, fetal and neonatal outcomes
	AMC stability during and after pregnancy
	Counselling aspects in AMC and pregnancy
	Strengths and limitations
	Future research

	Conclusion
	Acknowledgements
	References


