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Abstract 

Background Fibrodysplasia Ossificans Progressiva (FOP; OMIM #135100) is an ultrarare genetic disorder characterised 
by congenital bilateral hallux valgus (CBHV), intermittent soft tissue swellings and progressive heterotopic ossification. 
We report a three‑month‑old girl with great toe abnormalities similar to FOP, in whom comprehensive clinical workup 
and genetic investigations illustrates an alternative diagnosis.

Case presentation A three‑month‑old girl presented with CBHV. The antenatal period was unremarkable, she 
was born by spontaneous vaginal delivery with an uneventful subsequent course, except for maternal concern 
of her bent toes which received reassurance from several health professionals. Her mother’s persisting concerns were 
explored via the internet and social media leading her to request referral to an expert bone centre for consideration 
of FOP. On examination, she was thriving, there was no dysmorphism, subcutaneous lumps, skeletal or extra‑skeletal 
deformity except for shortened great toes with lateral deviation of the proximal and distal phalanges. FOP was a fea‑
sible diagnosis, for which CBHV is highlighted as an early sign. A cautionary potential diagnosis of FOP was coun‑
selled, including advice to defer intramuscular immunisations until genetic results available. Genetic investigation 
was undertaken through rapid whole genomic sequencing (WGS), with analysis of data from a skeletal dysplasia gene 
panel, which demonstrated no ACVR1variants. The only finding was a heterozygous variant of unknown significance 
in BMPR1B (c1460T>A, p.(Val487Asp)), which encodes a bone morphogenic receptor involved in brachydactyly syn‑
dromes A1, A2 and D and acromesomelic dysplasia 3 (only the latter being an autosomal recessive condition).

Conclusion This report highlights that CBHV serves as a vital diagnostic indicator of FOP and affected infants should 
be considered and investigated for FOP, including precautionary management whilst awaiting genetic studies. The 
second educational aspect is that CBHV may not represent a generalised skeletal disorder, or one much less signifi‑
cant than FOP. Receptor‑ligand BMP and Activins mediated interactions are instrumental in the intricate embryology 
of the great toe. Recognition of non‑FOP conditions caused by alterations in different genes are likely to increase 
with new genomic technology and large gene panels, enhancing understanding of bone signaling pathways.

Keywords BMPR1B mutations, Fibro‑dysplastic Osseous dysplasia, Congenital bilateral hallux valgus

*Correspondence:
Diksha Shirodkar
shirodkardikshas@gmail.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12920-024-01931-6&domain=pdf


Page 2 of 6Shirodkar et al. BMC Medical Genomics          (2024) 17:160 

Background
The hallux valgus deformity usually occurs in adults 
and adolescents, whereas congenital bilateral hallux val-
gus (CBHV) is a rare entity which occurs primarily due 
to pre-existence of metatarsus primus varus resulting in 
compensatory distal angulation of the great toe [1, 2]. 
The most common cause (>98 %) is Fibrodysplasia Ossifi-
cans Progressiva (FOP), a condition of extra skeletal bone 
formation caused by gain-of-function variants in the 
ACVR1 gene, which encodes a bone morphogenetic pro-
tein (BMP) type 1 receptor (Activin A Receptor Type 1) 
[3, 4]. Here we report the case of a three-month-old girl 
who was suspected of having this disabling condition on 
the basis of her bilateral great toe abnormality identical 
to that seen in children with FOP, in whom the genetic 
results revealed an unexpected finding denoting a less 
serious condition.

Case presentation
A three-month-old baby girl presented with CBHV. She 
was the only child of non-consanguineous parents, born 
by vaginal delivery with no antenatal or postnatal con-
cerns and birth weight 2.95 kg. There was no family his-
tory of skeletal abnormalities. Her mother was concerned 
by the toe shape from birth. She was referred to our 
expert bone centre to explore the possibility of FOP. On 
examination the baby was well, thriving, weight 6.48 kg 
 (75th-91st centile), length: 59 cm  (50th centile) and head 
circumference 39 cm  (50th centile) with bilateral hallux 
valgus (Fig.  1). There was no facial dysmorphism, sub-
cutaneous lumps, nor bony deformities elsewhere in the 
lower limbs, upper limbs, spine, or torso. The baby had a 
full range of movement at all joints of the trunk and limbs, 
except reduced flexion-extension of the interphalangeal 
joint of both great toes. The musculoskeletal examination 

was otherwise normal, including the absence of any liga-
mentous laxity. Biochemical bone profile was unremark-
able. A skeletal survey confirmed bilateral hallux valgus, 
small square shaped proximal phalanx of the great toes, 
tapered distal phalanges with lateral deviation and no 
evidence of soft tissue heterotopic ossification (Fig.  2). 
The antero-posterior skull x-ray was reported to be nor-
mal. Minimal thoracolumbar spine curvature was attrib-
uted to a positional effect and not scoliosis. Incidental 
physiological periosteal reaction in the humeral and fem-
oral shafts were also noted.

The new Genomic Testing Directory for England pro-
vides testing of ACVR1 only within a large gene panel 
rather than via single gene sequencing. WGS libraries 
were prepared from blood DNA and sequenced commer-
cially by Illumina. Data was processed via the Genomics 
England Rare Disease Pipeline v2.0, with reads aligned 
to reference build GRCh38 and variants called, using the 
DRAGEN software v3.2.22. Variants were then filtered 
using the virtual panel Skeletal dysplasia v2.2 (https:// 
nhsgms- panel app. genom icsen gland. co. uk/). Detailed 
information on the variant prioritisation process and 
quality metrics used is in the Rare Disease Genome Anal-
ysis Guide v2.1 published by Genomics England (https:// 
re- docs. genom icsen gland. co. uk/ rare_ disea se_2_ 2. pdf ).

Coverage of the BMPR1A gene was 100% at ≥15x calcu-
lated from reads with mapping quality >10 and >85x10^9 
bases with Q≥30, after removing duplicate reads and 
overlapping bases after adaptor and quality trimming.
WGS data analysed from the Skeletal Dysplasia Panel 
(R104 ~450 genes, including ACVR1 which causes FOP) 
demonstrated a heterozygous variant of unknown signifi-
cance (c.1460T>A, p.(Val487Asp)) in BMPR1B (Fig.  3). 
The variant was not recorded in the GnomAD database 
v4.1 [5]. Monoallelic pathogenic BMPR1B variants cause 

Fig. 1 Clinical photographs demonstrating Bilateral hallux valgus (left [L] and right [R])

https://nhsgms-panelapp.genomicsengland.co.uk/
https://nhsgms-panelapp.genomicsengland.co.uk/
https://re-docs.genomicsengland.co.uk/rare_disease_2_2.pdf
https://re-docs.genomicsengland.co.uk/rare_disease_2_2.pdf
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autosomal dominant brachydactyly (types A1, A2 and 
D) and biallelic pathogenic variants of BMPR1B cause 
acromesomelic dysplasia 3. Parental testing showed her 
mother had no BMPR1B gene changes and her father car-
ries the same BMPR1B variant. Although the father has 
normal toe shape, he subsequently learnt that his prede-
ceased mother, his older brother and his older brother’s 
three children had had the same abnormal toe shape as 
his daughter. These individuals were not available for 
genetic testing or detailed clinical examination, although 
on report the toe abnormality was an isolated  clinical 
finding and not accompanied by additional musculoskel-
etal abnormalities, but this phenotypic history suggests 
this BMPR1B variant is of variable penetrance and in 
keeping with Autosomal Dominant Brachydactyly Type 
A.

Discussion
Hallux valgus is a deformity commonly occurring in 
adults and adolescents [1]. The primary reason for this 
abnormality is the pre-existence of metatarsus primus 
varus leading to compensatory distal angulation of the 
great toe [1, 2]. Congenital and bilateral involvement is, 
however, rare. The causes for CBHV include deforming 
forces in utero, presence of an os intermetatarseum, an 

accessory bone between the first and second metatarsals, 
or presence of a supernumerary digit [3]. CBHV with 
absence or fusion interphalangeal joint (IPJ) is seen in 
more than 98% of children with FOP [4].

Other conditions associated with this anomaly include 
syndromes with symphalangism synostosis and brachy-
dactyly [6]. CBHV can also occur an isolated congenital 
defect. FOP was initially called “Stone Man syndrome”, 
the term coined in the 16th century by Dr Guy Patin [7, 
8] who described that man would be converted to a stone 
because of the painful hard lumps on his body. He also 
called this condition Myositis ossificans progressiva as 
he demonstrated bone formation in the muscles. Later 
in the 20th century, Dr Victor A. McKusick proved that 
this condition was not limited to the muscles but also the 
connective tissue including ligaments, fascia, aponeu-
rosis and tendons at the point of local injury and hence 
the term Fibrodyplasia Ossificans Progressiva (FOP) 
came into existence [9]. FOP is an ultrarare genetic dis-
order with an incidence of 1 in 2 million characterised by 
ectopic ossification of connective tissues and the skeletal 
system leading to fusion of axial and appendicular skel-
eton [10]. Progressive heterotopic ossification (extra-
osseous) presenting as palpable masses/lumps (100%) 
which are spontaneous or triggered by soft-tissue trauma 

Fig. 2 Skeletal survey plain radiographs. No areas of soft tissue ossification seen. A: Left foot demonstrating hallux valgus; a small squared proximal 
phalanx with a tapered distal phalanx with lateral deviation. B: The left hand no abnormalities identified. C: The chest illustrating a minimal 
thoracolumbar spine curvature was attributed to a positional effect and not scoliosis. D, E and F: Illustrate the pelvis with both hip joints, left 
shoulder joint with the arm and the left hip joint with the lower limb respectively demonstrating incidental physiological periosteal reaction 
of the humerus and femur



Page 4 of 6Shirodkar et al. BMC Medical Genomics          (2024) 17:160 

(vaccinations/surgical procedures). The initial soft tissue 
swellings (flare-ups) are painful and precede the hetero-
topic ossification [11]. FOP can be diagnosed prenatally 
by ultrasound scans, if CBHV is present [12].

CBHV is the main presenting feature in infancy; less 
common features are scalp nodules/lumps and restricted 
limb reduction defects. Other clinical features include 
osteochondromas (proximal tibia), cervical spine fusion 
(mostly C2-C7), broad femoral neck, scoliosis, thumb 
malformation and limb reduction defects (sometimes 
misdiagnosed as brachydactyly syndromes) [11]. Bony 
lumps develop though the mechanisms of mononuclear 
infiltrate aggregation, then fibroproliferative changes and 
ultimately mature bone formation in non-bone tissues 
[6]. There are no biochemical abnormalities [6].

Several websites accessible to the general public and 
health professionals are valuable in raising disease aware-
ness; these include the International FOP Association 
(IFOPA) [13], Focus of FOP [10] and FOP Friends [14]. 
Ready access to these by the lay public is demonstrated 
by our case and prompted the family to seek referral. 
As well as general public awareness, health professional 
awareness of CBHV and FOP are essential for referral 

pathways to expert bone assessment to flow effectively. 
Recognition of the potential significance of the CBHV 
in newborns is crucial to secure early diagnosis of FOP 
before emergence of calcification to facilitate careful pre-
ventative management, such as inappropriate intramus-
cular immunisation. Interventional clinical research trials 
are underway.

Although there is a very high association of CBHV and 
FOP, the embryological development of the great toe 
has an intricate pathway. Bone morphogenetic proteins 
(BMPs) belong to the TNF‐β family and play important 
roles in morphogenesis, specifically during early devel-
opment and functions of various organ systems [15, 
16]. BMP signals are conducted through either canoni-
cal or non‐canonical pathways [17]. The BMP receptors 
(BMPRs) have been classified in two groups: type I, con-
taining the activin receptor‐like kinases (ACVR1) and 
type II, containing three receptors: BMPR2, ACVR2A, 
and ACVR2B. The type I receptors are further subdivided 
into three groups: BMPR1, ACVR1 and TβR‐I group 
[18]. Aberrations in BMPR1 (BMPR‐IA and BMPR‐IB) 
receptors, coded by the same gene, have been associ-
ated with brachydactyly type A along with pulmonary 

Fig. 3 A Scheme of the BMPR1B protein showing domains. SP: signal peptide; LBD: Ligand‑Binding domain; TM: transmembrane domain; GS: 
Glycine‑Serine rich box. B Alignment of the NANDOR box of BMPR1B orthologues (https:// multa lin. toulo use. inra. fr/). The residue where our variant 
is located is marked in a black box with the variant labelled in bold black text. The location of other variants reported in the literature in association 
with autosomal dominant brachydactyly are indicated in schematics A and B in black text

https://multalin.toulouse.inra.fr/
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arterial hypertension [19], and autosomal recessive 
acromesomelic dysplasia [20]. Imbalance between the 
receptor-ligand concentrations and inappropriate signal-
ling via the BMP pathways lead to aberrant activation of 
the BMP pathway resulting in the malformation of the 
great toe, which is extremely sensitive to these develop-
mental disturbances [21]. In the patient described in this 
report, there was a heterozygous BMPR1B gene vari-
ant of unknown significance(figure ; this gene encodes 
the BMP type I receptor, sited in the same pathway as 
ACVR1-induced BMP signalling.

Similar to our patient, Towler et al described a child 
with CBHV (without any other limb abnormality) with 
a large intragenic deletion in BMP receptor 1B gene 
(BMPR1B) highlighting that CBHV is not exclusive to 
the diagnosis of FOP (ACVR1 mutation) and that the 
receptor-ligand BMP pathways affect toe development 
[22]. Similarly, case reports demonstrate that CBHV 
occurs in brachydactyly type 2A, brachydactyly type C/
symphalangism and in patients with isolated BMPR1B 
variants. Homozygous pathogenic variants of BMPR1B 
can cause acromesomelic dysplasia with malforma-
tions in the genital tract [20, 23, 24]. The identifica-
tion of a BMPR1B variant (c.1460T>A p.(Val487Asp)) 
prompts the clinician to consider potential alternative 
skeletal dysplasias. These were discounted in this case 
in the absence of accompanying clinical or radiological 
features supportive of syndromes such as  Brachydac-
tyly, type A1, D and A2 nor of skeletal dysplasias such 
as  acromesomelic dysplasia. A detailed outline of each 
of those is beyond the scope of this particular report. 
The p.Val487 residue is highly conserved across species 
and in 5/12 paralogues, and is located within nonacti-
vating-non-downregulating (NANDOR) box within the 
kinase domain of the BMPR1A protein. Other variants 
within the NANDOR box, which has been proposed to 
have a role within receptor endocytosis and inactiva-
tion by transphosphorylation ([25–28 http:// www. unipr 
ot. org/]) have been reported in association with brachy-
dactyly ([25–27 http:// www. unipr ot. org/]), see Fig.  3. 
Multiple  in silico  tools predict the p.(Val487Asp) vari-
ant to have a deleterious effect (REVEL score 0.958) [29]. 
CBHV remains an important and early presenting cardi-
nal feature of FOP, but mechanistically reflects aberrant 
activity in the BMP pathways of the great toe formation, 
which can occur in several clinical conditions. In our 
case, although we cannot confirm the significance of the 
BMPR1B variant of uncertain significance, this pheno-
typic history of five additional affected members in the 
paternal family (not available for genetic testing) sug-
gests a BMPR1B variant of variable penetrance and in 
keeping with Autosomal Dominant Brachydactyly Type 
A.Isolated CBHV itself is a rare skeletal deformity and to 

attribute its cause to a non-FOP gene variant without any 
other skeletal deformity contributes to the uniqueness of 
this case report. It illustrates that making a clinical diag-
nosis of FOP can be made provisionally, emphasising the 
importance of confirmatory genetic results. The imple-
mentation of new genomic technologies utilising panel 
testing in place of single gene testing may well identify 
more individuals with non-FOP gene variants within the 
ACVR1/BMP pathways.

Conclusion
This case report highlights the importance of consider-
ing a range of causes of CBHV. Consideration of FOP 
remains the most crucial and urgent provisional diagno-
sis and this case illustrated the beneficial role of lay access 
to medical information on the internet in shortening the 
diagnostic journey in rare bone disease. Whilst awaiting 
genetic results we need to counsel with caution around 
FOP and delay intramuscular vaccinations until genetic 
confirmation is received. This case report also teaches us 
the importance of improving awareness around the con-
dition, consider relevant differential diagnoses and ben-
efits and cautions of whole genome sequencing rather 
than single gene testing.

Acknowledgements
None

Authors’ contributions
DS major contributor in interpreting the data, preparing the first draft. CPB 
analysed the data and made changes to the manuscript. SFS,RK, TL and BBP 
read and made changes to the revised draft. TL and BBP prepared Fig. 3.All 
authors read and approved the final manuscript.

Funding
None

Availability of data and materials
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
In accordance with University Hospitals Bristol and Weston NHS Foundation 
Trust institutional guidelines, ethics approval was not required as informed 
written consent obtained.

Consent for publication
Written informed consent for publication of clinical details and images was 
obtained from the child’s parent.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Paediatric Endocrinology and Diabetes, Bristol Royal Hospital 
for Children, University Hospitals Bristol and Weston NHS Foundation Trust, 
Maudlin Street, Bristol BS2 8BJ, UK. 2 Department of Clinical Genetics, St 
Michael’s Hospital, University Hospitals Bristol and Weston NHS Foundation 
Trust, Southwell Street, Bristol BS2 8EG, UK. 3 Royal National Orthopaedic 

http://www.uniprot.org/
http://www.uniprot.org/
http://www.uniprot.org/


Page 6 of 6Shirodkar et al. BMC Medical Genomics          (2024) 17:160 

Hospital, Brockley Hill, Stanmore, Middlesex HA7 4LP, UK. 4 Oxford Univer‑
sity Hospitals NHS Foundation Trust, John Radcliffe Hospital, Headley Way, 
Headington, Oxford, Oxfordshire OX3 9DU, UK. 5 Oxford Medical Genetics 
Laboratories, Oxford University Hospitals NHS Foundation Trust, The Churchill 
Hospital, Oxford OX3 7LE, UK. 

Received: 12 January 2024   Accepted: 12 June 2024

References
 1. Michael JC, Saltzman CL, Anderson RB, Mann RA. Hallux valgus. In: Mann’s 

Surgery of the Foot and Ankle. Philadelphia: Saunders/Elsevier; 2014.
 2. Heller EP. Congenital bilateral hallux valgus. Ann Surg. 

1928;88:798–800. https:// doi. org/ 10. 1097/ 00000 658‑ 19281 0000‑ 
00014. PMCID: PMC1398603.PMID: 17865988.

 3. Lieberson S, Mendes DG. Congenital hallux valgus. Orthopedics. 
1991;14(5):588–94. https:// doi. org/ 10. 3928/ 0147‑ 7447‑ 19910 501‑ 14. 
PMID: 2062736.

 4. Pignolo RJ, Shore EM, Kaplan FS. Fibrodysplasia ossificans progressiva: 
diagnosis, management, and therapeutic horizons. Pediatr Endocrinol 
Rev. 2013;10 Suppl 2(0 2):437–48.

 5. Genome Aggregation Database (gnomAD). http:// gnomad. broad insti 
tute. org. Accessed: May 2022.

 6. Akesson LS, Savarirayan R. Fibrodysplasia Ossificans Progressiva. 2020 
Jun 11. In: Adam MP, Mirzaa GM, Pagon RA, et al., editors. GeneReviews®. 
Seattle (WA): University of Washington, Seattle; 1993‑2023. Available 
from: https:// www. ncbi. nlm. nih. gov/ books/ NBK55 8090/

 7. Palhares, Durval & Leme, Lígia. Miosite ossificante progressiva: uma 
perspectiva no controle da doença. Jornal De Pediatria ‑ J PEDIATR. 
2011;77.https:// doi. org/ 10. 1590/ S0021‑ 75572 00100 05000 16.

 8. Rothschild BM, Martin LD, Timm RM. A new spontaneous model of 
fibrodysplasia ossificans progressive. Brazi Geograph J Geosci Hum Res 
Medium. 2010;1:228–37.

 9. Delai PLR, Kantanie S, Santili C, Kaplan FS. Fibrodisplasia ossificante pro‑
gressiva: uma doença hereditária de interesse multidisciplinar. Rev Bras 
Ortop. 2004;39:205–13.

 10. Focusonfop.Ipsen 2023. ALL‑ALL‑002297 Available on: https:// www. focus 
onfop. com/. Accessed 27 Dec 2023.

 11. Kaplan FS, Xu M, Glaser DL, Collins F, Connor M, Kitterman J, Sillence D, 
Zackai E, Ravitsky V, Zasloff M, Ganguly A, Shore EM. Early diagnosis of 
fibrodysplasia ossificans progressiva. Pediatrics. 2008;121(5):e1295–300. 
https:// doi. org/ 10. 1542/ peds. 2007‑ 1980. PMID: 18450872; PMCID: 
PMC3502043.

 12. Maftei Catalina, Rypens Françoise, Thiffault Isabelle, Dubé Johanne, 
Laberge Anne‑Marie, Lemyre Emmanuelle. Fibrodysplasia ossificans pro‑
gressiva: bilateral hallux valgus on ultrasound a clue for the first prenatal 
diagnosis for this condition‑clinical report and review of the literature. 
Prenatal Diagnosis. 2015;35(3):305–7. https:// doi. org/ 10. 1002/ pd. 4518.

 13. International FOP Association available on https:// ifopa. org. Accessed 27 
Dec 2023.

 14. FOP Friends available on https:// www. fopfr iends. com/. Accessed 27 Dec 
2023.

 15. Gomez‑Puerto MC, Iyengar PV, Garcia de Vinuesa A, Ten Dijke P, Sanchez‑
Duffhues G. Bone morphogenetic protein receptor signal transduction in 
human diseases. J Pathol. 2018;247(1):9–20. https:// doi. org/ 10. 1002/ path. 
5170.

 16. Wagner DO, Sieber C, Bhushan R, Borgermann JH, Graf D, Knaus P. BMPs: 
From bone to body morphogenetic proteins. Sci Signal. 2010;3(107):mr1. 
https:// doi. org/ 10. 1126/ scisi gnal. 3107m r1.

 17. Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for 
extracting DNA from human nucleated cells. Nucleic Acids Research. 
1988;16(3):1215. https:// doi. org/ 10. 1093/ nar/ 16.3. 1215.

 18. Sanchez‑Duffhues G, Williams E, Goumans MJ, Heldin CH, ten Dijke P. 
Bone morphogenetic protein receptors: Structure, function and targeting 
by selective small molecule kinase inhibitors. Bone. 2020;138:115472. 
https:// doi. org/ 10. 1016/j. bone. 2020. 115472.

 19. Chida A, Shintani M, Nakayama T, Furutani Y, Hayama E, Inai K, Saji T, 
Nonoyama S, Nakanishi T. Missense mutations of the BMPR1B (ALK6) 

gene in childhood idiopathic pulmonary arterial hypertension. Circ J. 
2012;76(6):1501–8. https:// doi. org/ 10. 1253/ circj. cj‑ 11‑ 1281.

 20. Lhousni S, Charif M, Derouich Y, Elidrissi Errahhali M, Elidrissi Errahhali M, 
Ouarzane M, Lenaers G, Boulouiz R, Belahcen M, Bellaoui M. A novel vari‑
ant in BMPR1B causes acromesomelic dysplasia Grebe type in a consan‑
guineous Moroccan family: expanding the phenotypic and mutational 
spectrum of acromesomelic dysplasias. Bone. 2023;175:116860. https:// 
doi. org/ 10. 1016/j. bone. 2023. 116860.

 21. Yoon BS, Ovchinnikov DA, Yoshii I, Behringer RR, Lyons KM. BMPR1a and 
BMPR1b have overlapping functions and are essential for chondrogen‑
esis in vivo. Proc Natl Acad Sci USA. 2005;102(14):5062–7. https:// doi. org/ 
10. 1073/ pnas. 05000 31102.

 22. Towler OW, Shore EM, Xu M, Bamford A, Anderson I, Pignolo RJ, Kaplan 
FS. The congenital great toe malformation of fibrodysplasia ossificans 
progressiva? ‑ A close call. Eur J Med Genet. 2017;60(7):399–402. https:// 
doi. org/ 10. 1016/j. ejmg. 2017. 04. 013.

 23. Demirhan O, Türkmen S, Schwabe GC, Soyupak S, Akgül E, Tastemir D, 
Karahan D, Mundlos S, Lehmann K. A homozygous BMPR1B mutation 
causes a new subtype of acromesomelic chondrodysplasia with genital 
anomalies. J Med Genet. 2005;42(4):314–7. https:// doi. org/ 10. 1136/ jmg. 
2004. 023564. PMID: 15805157; PMCID: PMC1736042.

 24. Bednarek M, Trybus M, Kolanowska M, Koziej M, Kiec‑Wilk B, Dobosz A, 
Kotlarek‑Łysakowska M, Kubiak‑Dydo A, Użarowska‑Gąska E, Staręga‑
Rosłan J, Gaj P, Górzyńska I, Serwan K, Świerniak M, Kot A, Jażdżewski K, 
Wójcicka A. BMPR1B gene in brachydactyly type 2‑A family with de novo 
R486W mutation and a disease phenotype. Mol Genet Genomic Med. 
2021;9(3):e1594. https:// doi. org/ 10. 1002/ mgg3. 1594. Epub 2021 Jan 24. 
PMID: 33486847; PMCID: PMC8104157.

 25. Alamut Visual 2.11 (Interactive Biosoftware, Rouen, France) https:// www. 
bioz. com/ result/ alamut% 20vis ual% 20sof tware% 20ver sion% 202% 2011/ 
produ ct/ Inter active% 20Bio softw are

 26. Lehmann K, Seemann P, Stricker S, Sammar M, Meyer B, Süring K, Majew‑
ski F, Tinschert S, Grzeschik KH, Müller D, Knaus P, Nürnberg P, Mundlos S. 
Mutations in bone morphogenetic protein receptor 1B cause brachydac‑
tyly type A2. Proc Natl Acad Sci U S A. 2003;100(21):12277–82. https:// 
doi. org/ 10. 1073/ pnas. 21334 76100. Epub 2003 Oct 1. PMID: 14523231; 
PMCID: PMC218749.

 27. Lehmann K, Seemann P, Boergermann J, Morin G, Reif S, Knaus P, Mundlos 
S. A novel R486Q mutation in BMPR1B resulting in either a brachydactyly 
type C/symphalangism‑like phenotype or brachydactyly type A2. Eur J 
Hum Genet. 2006;14(12):1248–54. https:// doi. org/ 10. 1038/ sj. ejhg. 52017 
08. Epub 2006 Sep 6 PMID: 16957682.

 28. Badura‑Stronka M, Mróz D, Beighton P, Łukawiecki S, Wicher K, Latos‑
Bieleńska A, Kozłowski K. Novel mutation in the BMPR1B gene (R486L) 
in a Polish family and further delineation of the phenotypic features 
of BMPR1B‑related brachydactyly. Birth Defects Res A Clin Mol Teratol. 
2015;103(6):567–72. https:// doi. org/ 10. 1002/ bdra. 23354. Epub 2015 Mar 
16 PMID: 25776145.

 29. Ioannidis NM, Rothstein JH, Pejaver V, Middha S, McDonnell SK, Baheti S, 
Musolf A, Li Q, Holzinger E, Karyadi D, Cannon‑Albright LA, Teerlink CC, 
Stanford JL, Isaacs WB, Xu J, Cooney KA, Lange EM, Schleutker J, Carpten 
JD, Powell IJ, Cussenot O, Cancel‑Tassin G, Giles GG, MacInnis RJ, Maier C, 
Hsieh CL, Wiklund F, Catalona WJ, Foulkes WD, Mandal D, Eeles RA, Kote‑
Jarai Z, Bustamante CD, Schaid DJ, Hastie T, Ostrander EA, Bailey‑Wilson 
JE, Radivojac P, Thibodeau SN, Whittemore AS, Sieh W. REVEL: An Ensem‑
ble Method for Predicting the Pathogenicity of Rare Missense Variants. 
Am J Hum Genet. 2016;99(4):877–85. https:// doi. org/ 10. 1016/j. ajhg. 2016. 
08. 016. Epub 2016 Sep 22. PMID: 27666373; PMCID: PMC5065685.

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

https://doi.org/10.1097/00000658-192810000-00014
https://doi.org/10.1097/00000658-192810000-00014
https://doi.org/10.3928/0147-7447-19910501-14
http://gnomad.broadinstitute.org
http://gnomad.broadinstitute.org
https://www.ncbi.nlm.nih.gov/books/NBK558090/
https://doi.org/10.1590/S0021-75572001000500016
https://www.focusonfop.com/
https://www.focusonfop.com/
https://doi.org/10.1542/peds.2007-1980
https://doi.org/10.1002/pd.4518
https://ifopa.org
https://www.fopfriends.com/
https://doi.org/10.1002/path.5170
https://doi.org/10.1002/path.5170
https://doi.org/10.1126/scisignal.3107mr1
https://doi.org/10.1093/nar/16.3.1215
https://doi.org/10.1016/j.bone.2020.115472
https://doi.org/10.1253/circj.cj-11-1281
https://doi.org/10.1016/j.bone.2023.116860
https://doi.org/10.1016/j.bone.2023.116860
https://doi.org/10.1073/pnas.0500031102
https://doi.org/10.1073/pnas.0500031102
https://doi.org/10.1016/j.ejmg.2017.04.013
https://doi.org/10.1016/j.ejmg.2017.04.013
https://doi.org/10.1136/jmg.2004.023564
https://doi.org/10.1136/jmg.2004.023564
https://doi.org/10.1002/mgg3.1594
https://www.bioz.com/result/alamut%20visual%20software%20version%202%2011/product/Interactive%20Biosoftware
https://www.bioz.com/result/alamut%20visual%20software%20version%202%2011/product/Interactive%20Biosoftware
https://www.bioz.com/result/alamut%20visual%20software%20version%202%2011/product/Interactive%20Biosoftware
https://doi.org/10.1073/pnas.2133476100
https://doi.org/10.1073/pnas.2133476100
https://doi.org/10.1038/sj.ejhg.5201708
https://doi.org/10.1038/sj.ejhg.5201708
https://doi.org/10.1002/bdra.23354
https://doi.org/10.1016/j.ajhg.2016.08.016
https://doi.org/10.1016/j.ajhg.2016.08.016

	Congenital hallux valgus occurs in Fibrodysplasia Ossificans Progressiva and BMPR1B-associated dysplasia: an important distinction
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Background
	Case presentation
	Discussion
	Conclusion
	Acknowledgements
	References


