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Abstract 24 

Neurofibromatosis type 1 is a genetic disorder characterized by variable phenotypic manifestations. The diagnostic criteria, 25 
established in 1987, are broad to encompass these pleiotropic findings. Included are the specific osseous manifestations of 26 
sphenoid dysplasia and dysplasia or thinning of the cortex of long bones. This review highlights recent evidence on the role of 27 
neurofibromin in bone development and suggests consideration for additional diagnostic criteria. 28 

Key Words: Neurofibromatosis type 1; neurofibromin; fibroblast growth factor; polydactyly; osseous 29 
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Introduction 31 

Neurofibromatosis type 1 (NF1) is a common autosomal dominant disorder with a worldwide prevalence of 1 in 3000 individuals. 32 
It is characterized by complete penetrance, but variable phenotypic manifestations. These pleiotropic findings include café-au-lait 33 
macules, neural tumors, Lisch nodules, and skeletal disorders. The variable phenotypic expression of NF1 demonstrates the gene’s 34 
importance in multiple systems. The product of the NF1 gene (NF1), neurofibromin, contains a catalytic domain for GTPase 35 
activating proteins, which are crucial for the regulation of Ras. The downstream mediators of Ras signaling, MAPK and PI3K, 36 
have a major role in cell proliferation and differentiation, thus making neurofibromin a critical multi-system regulatory protein [1].  37 

Variable expression of NF1 historically made it difficult to establish criteria for the diagnosis of NF1. The National Institutes of 38 
Health (NIH) Consensus Development Conference established the current criteria for diagnosis in 1987 [2]. Based on these 39 
guidelines, a diagnosis of NF1 can be made with any two of the following clinical features: six or more café-au-lait spots of 40 
specific size based on the patient’s age, axillary or inguinal freckling, two or more neurofibromas or one or more plexiform 41 
neurofibromas, two or more Lisch nodules, an optic glioma, a first-degree relative with NF1, or distinctive osseous lesions. 42 
According to NIH criteria, these distinctive osseous lesions include dysplasia of the sphenoid bone or dysplasia/thinning of long 43 
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bone cortices [1]. Recent research and enhanced understanding of the role of neurofibromin in bone development suggests a 44 
possibility to broaden the criteria for diagnosis of NF1 in regard to osseous manifestations. Herein we describe preaxial 45 
polydactyly in a patient meeting criteria for diagnosis of NF1 but lacking the classic osseous findings recognized by NIH criteria. 46 

Case synopsis 47 

A 37-year-old man was referred to the dermatology clinic for evaluation of multiple skin growths as part of his armed forces 48 
retirement physical following a successful 20-year military career. At presentation, the patient had at least ten typical café-au-lait 49 
macules, each greater than 15mm, and approximately 20 cutaneous neurofibromas, but lacked inguinal freckling, Lisch nodules, 50 
scoliosis, a history of a pathologic fracture, neurologic disease, or plexiform neurofibroma. Interestingly, he also had preaxial 51 
polydactyly of the right thumb (bifid thumb), stable since birth (Figure 1). The café-au-lait macules arose, to the best of his 52 
recollection, during childhood, but never garnered further workup. He started developing cutaneous neurofibromas in the third 53 
decade of life, but it wasn’t until his mid-30s that they became numerous. He had never been given a diagnosis of NF1, nor was 54 
there a known family history of NF1. 55 

 56 
Figure 1. Isolated pre-axial polydactyly of the right thumb. No other boney abnormalities were noted on exam. 57 

Discussion 58 

This case highlights how the utilization of osseous malformations other than the classic lesions outlined by the NIH criteria may 59 
be used to heighten suspicion for NF1 from a young age. Skeletal manifestations of NF1 are present in up to 50% of patients [3]. 60 
Many are congenital dystrophies, but other abnormalities, such as scoliosis (which occurs in 10-20% of NF1 patients), may be 61 
acquired secondary to neurofibromas [1, 3]. The classic, primary lesions include unilateral sphenoid dysplasia, seen in 3-7% of 62 
patients, and, in an additional 3% of patients, pseudoarthrosis of the tibia [4, 5]. Other characteristic osseous manifestations may 63 
be present such as macrocephaly, sphenoid wing dysplasia, scoliosis, vertebral dysplasia, short stature, pseudarthrosis, 64 
abnormalities of the rib cage, local bony overgrowth, genu varum/valgum, lytic bone lesions, osteoslerosis, sydactyly, and absent 65 
patellae [6]. 66 

Neurofibromin has multiple roles in skeletal development including joint formation, growth plate function, and control of vessel 67 
growth [6]. Osteoblasts, osteoclasts, chondrocytes, fibroblasts, and vascular endothelial cells all express neurofibromin [4]. 68 
Although NF1 is expressed in both endochondral and intramembranous bone, the osseous manifestations of NF1 are more 69 
commonly located in bones formed through endochondral ossification, including the sphenoid. This may relate to an absence of 70 
functioning neurofibromin in sites of transition from proliferative to mature hypertrophic cartilage, which, under physiological 71 
conditions, is essential for progression to mineralized encochondral bone [3, 6]. In addition, improper bone development and 72 
homeostasis secondary to disruption of the delicate balance between osteoblasts and osteoclasts may explain other osseous 73 
abnormalities common to NF1, such as pseudarthrosis [4, 6, 7]. This can lead to delayed formation of secondary ossification 74 
centers, decreased alkaline phosphatase leading to decreased mineralization, increased porosity, and limb shortening [6].  75 



 
Considerable overlap in osseous findings exists between NF1 and activation of FGF in murine models [6]. Like neurofibromin, 76 
the downstream effects of FGF signaling are mediated via the Ras/MAPK pathway (Figure 2). In concert with sonic hedgehog 77 
(SHH) activation, Ras is responsible for cell proliferation in developing limbs [8]. Excess SHH results in ectopic production of 78 
digits, leading to polydactyly [9]. Although osseous SHH overexpression in neurofibromin deficient mice has never been 79 
demonstrated to the best of our knowledge, the upregulation of SHH in plexiform neurofibromas and other neurofibromin-80 
deficient cells where Ras activity is increased leads us to believe SHH expression would be increased during limb development as 81 
well [10, 11]. 

 82 

 83 
Figure 2. Disruption of activating FGF and inhibitory Neurofibromin effects on Ras results in dysregulation of downstream SHH signaling. 84 

SHH signaling is crucial for specifying the identity and number of digits. 85 

If confirmed, our suspected association between neurofibromin deficiency and increased SHH expression in limb development 86 
supports the consideration of polydactyly as an associated finding of NF1. Indeed, there is a small body of literature to support 87 
such an association (Table 1). In a study of 135 patients with NF1, 12 (8.8%) had congenital bone malformations. Four (2.9%) of 88 
the 12 had polydactyly and two of those four had preaxial polydactyly (1.5%). This is more than 20x the prevalence of 89 
polydactyly in the general population (0.014-0.12%, [12]). Interestingly, the patients in this study with polydactyly lacked other, 90 
more characteristic NF1 osseous abnormalities [12]. Another case report showed bilateral symmetrical polysyndactyly of the great 91 
toes (preaxial polydactyly type IV) in a patient with NF1. This patient also did not have any other known bone malformations 92 
[13]. In addition, polydactyly has been reported at a rate of 2% in association with Legius syndrome, another syndrome involving 93 
the RAS-MAPK pathway [14]. This association further suggests that polydactyly should be an additional clinical clue in a patient 94 
with other manifestations indicative of NF1 and/or the RAS-MAPK pathway syndromes.  95 

Table 1. Preaxial polydactyly in patients with NF1. 96 

Patient NF1 diagnostic signs Osseous manifestations 

37 year old male* 
Café-au-lait spots, cutaneous 

neurofibromas 
Preaxial polydactyly R thumb 

7 month old male Café-au-lait spots, maternal FH 

Bilat preaxial polysyndactyly 

great toes and bilat clinodactyly 

fifth fingers 

15 day old female 

Café-au-lait spots, freckling, 

nodular neurofibromas, lisch 

nodules, FH 

Preaxial polydactyly R foot and 

postaxial polydactyly in bilat 

hands and L foot 

11 year old male 

Café-au-lait spots, freckling, 

dermal and nodular 

neurofibromas, lisch nodules 

Bilat incipient preaxial 

polydactyly of thumbs with partly 

duplicated and coalesced short 

ungual phalanges 

* Current patient. 97 
 98 

Conclusion 99 

Neurofibromatosis type 1 is a complex diagnosis with variable bony manifestations. Since the initial development of NF1 100 
diagnostic criteria 25 years ago, our understanding of the role of neurofibromin in osseous development has expanded 101 
significantly. Although further research is necessary to confirm our suspicion of SHH overexpression leading to polydactyly in 102 
NF1, we believe clinical consideration of NF1 in patients with atypical bony abnormalities not otherwise meeting established 103 
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diagnostic criteria for NF1 is prudent. In our patient, congenital polydactyly with multiple café-au-lait macules forming in 104 
childhood could have heightened the suspicion for NF1 from an early age. 105 
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NF1:  Neurofibromatosis Type 1 141 
NF1:  Neurofibromatosis 1 gene 142 
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