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Abstract 46 

Hypochondroplasia is a skeletal dysplasia caused by pathogenic variants in FGFR3 and 47 

characterised by disproportionate short stature and relative macrocephaly. Diagnostic 48 

uncertainty remains common, particularly in early childhood and in individuals with mild or 49 

atypical presentations, leading to delayed diagnosis, inconsistent management, and 50 

challenges in counselling and care planning. Individuals may be affected by medical 51 

complications and psychosocial impacts, and have unmet needs for multidisciplinary care.  52 

To address these unmet needs, an international, multidisciplinary panel of experts and 53 

patient representatives convened to develop consensus-based diagnostic recommendations 54 

using a modified 2-stage Delphi approach, with a predefined consensus threshold of 70% of 55 

respondents rating statements ≥70 (on a scale of 0 to 100). The panel integrated clinical, 56 

anthropometric, radiographic, neuroimaging and genetic criteria to define diagnostic 57 

categories that can be applied across diverse healthcare settings globally. Major and minor 58 

diagnostic criteria are proposed, alongside guidance on the appropriate use of molecular 59 

testing, radiographic evaluation, and brain magnetic resonance imaging. 60 

These recommendations provide a practical framework to help standardise timely and 61 

accurate diagnosis of hypochondroplasia in clinical practice and research. 62 
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Introduction 66 

Hypochondroplasia (HCH) is a rare genetic skeletal dysplasia caused by pathogenic variants 67 

in FGFR3.1 Although there are multiple characteristic physical and radiographic signs 68 

associated with HCH, the broad spectrum of phenotypic variability can hinder clinical 69 

identification.2-5 The most prevalent signs associated with HCH are disproportionate short 70 

stature and relative macrocephaly.1,6,7 Height in HCH can lie within the norms for the 71 

average-stature population.8,9 Additionally, the majority of individuals with HCH have a head 72 

circumference within the population norms although it is increased relative to their overall 73 

stature.6,9 Estimates of prevalence range from approximately 1 in 15,000 to 1 in 75,000 live 74 

births,2,10 but the true frequency is probably higher because milder cases may be 75 

undiagnosed.10 76 

Severe HCH can phenotypically overlap with the allelic condition achondroplasia, but 77 

skeletal features tend to be more subtle in HCH.1 Historically, this led to rare cases of 78 

misdiagnosis in some patients with more severe HCH,11 although this is becoming less 79 

common as our understanding of both conditions has improved, and genetic testing 80 

techniques have developed and become more widespread.1 81 

The pathophysiology of HCH is related to the role of the FGFR3 protein as a physiological 82 

negative regulator of skeletal growth.12,13 In HCH, gain-of-function variants in different 83 

domains of FGFR3 leads to functional inhibition of natriuretic peptide receptor-B and 84 

reduced activity of C-type natriuretic protein, a key positive regulator of endochondral bone 85 

development.12-14 86 

Diagnostic criteria for HCH were initially proposed by Hall and Spranger in 1979, who noted 87 

its autosomal dominant inheritance, characteristic but non-unique radiologic pattern, and 88 

frequent macrocephaly.15 Subsequent reports highlighted the high clinical and radiological 89 

variability of HCH and the difficulty of applying these features to distinguish HCH from 90 

idiopathic short stature and from other forms of skeletal dysplasia.2-4,16,17 Many of the initially 91 



proposed criteria were developed prior to the availability of molecular diagnosis and thus the 92 

cohorts likely represented a genetically heterogeneous group of patients. The genetic 93 

causes of HCH are now relatively well characterised, with numerous HCH-associated 94 

variants identified within FGFR3.1,17 The availability of genetic testing has helped to provide 95 

molecular confirmation of HCH for many patients, and helped to differentiate from other 96 

skeletal dyplasias.5,17,18 However, in a substantial minority of patients with clinically defined 97 

HCH (30–40% in some reports), no identifiable FGFR3 variants have been found.5,17 This 98 

may be due to historical limitations of the genetic testing performed in these cohorts, and in 99 

some individuals, due to misdiagnosis. 100 

The impact of HCH on individuals extends beyond reduced stature.1,16,19 Complications can 101 

include orthopaedic issues such as genu varum, lumbar lordosis, spinal deformity and spinal 102 

stenosis (which in rare cases may require surgical intervention), as well as ENT and 103 

respiratory complications.1-3,15 Cases of foramen magnum stenosis have also been 104 

reported.1,20 Neurodevelopmental and neurological complications of HCH are also 105 

increasingly recognised. These can include learning difficulties, attentional disorders, mild 106 

intellectual disability, temporal lobe dysgenesis, and epilepsy.1,8,20 HCH is also associated 107 

with a substantial psychosocial burden, resulting from functional limitations and limb 108 

disproportion.19 Together, this array of symptoms and impacts of HCH often requires a 109 

coordinated multidisciplinary approach.19 110 

Early and accurate diagnosis of HCH offers opportunities for monitoring and intervention, 111 

and for the timely delivery of developmental support and genetic counselling. In addition, 112 

several growth-modifying therapies are undergoing clinical evaluation in HCH.21-23 If 113 

approved for use, these have the potential to offer benefits to individuals following 114 

diagnosis.24 However, HCH remains frequently under- or misdiagnosed.10,16,24 Clinical 115 

presentation is variable, radiographic signs are age dependent and often subtle in infancy.2-116 

4,25 Phenotypic overlap with other causes of short-limbed or disproportionate short stature, 117 



including idiopathic short stature (ISS), achondroplasia, SHOX-related dysplasia and other 118 

metabolic or syndromic conditions, further complicates accurate diagnosis.1,5,17,18 119 

There is a paucity of large epidemiological studies of individuals with HCH;10 several small 120 

cohort studies have been published, but with diverse methodological approaches.2,8,24 121 

Recent developments in recognition and diagnosis of HCH include neonatal imaging criteria, 122 

HCH-specific growth charts9 and the Head Circumference Height Index (HCH-I; used to 123 

quantify relative macrocephaly).6 However, these developments have not yet been widely 124 

implemented. 125 

There is therefore a need for diagnostic recommendations that integrate clinical, 126 

radiographic, and genetic approaches. This is required to improve recognition and facilitate 127 

earlier diagnosis in individuals with HCH, and to support optimal care which may in future 128 

include precision treatments currently in development.21,22 To this end, the International 129 

Achondroplasia Forum (IAF), an independent network of specialists managing 130 

achondroplasia and related conditions, used a modified Delphi process to consolidate their 131 

insights and expertise, alongside those of other experts in HCH, into a set of diagnostic 132 

recommendations. The outcomes of that Delphi process are reported here. 133 

Methods 134 

Overview of Delphi methodology 135 

A core group of five HCH experts (AD, MSC, SOF, JHF, RS) was established to lead the 136 

Delphi process.  137 

Experts from the International Achondroplasia Forum steering committee (AD, BF, EG-N, 138 

GM, JCL, JH-F, KO, KM, MS, MI, MA, MM, PK, RS, SS, SB, SOF, TB-O, VC-D, VF), 139 

additional experts with specific clinical, molecular and/or global expertise in HCH (AC, ACO, 140 

DPC, MC, NN, TK) and patient representatives (JA, KR, MS, VK) were approached to be 141 

part of the insight gathering group and subsequent Delphi panel.  142 



Expert IAF Steering Committee Members and the additional clinical/molecular experts were 143 

invited to participate in the Delphi process; those completing the Delphi process are included 144 

as authors. Patient representatives were included in the Delphi discussions to provide 145 

perspective but were not included as part of the Delphi voting. 146 

Members of the different groups involved in the process are shown in Supplementary Table 147 

S1. 148 

Literature search 149 

An initial literature search on PubMed was conducted using the search term 150 

“hypochondroplasia” and limited to English-language publications, published from 2001 151 

onwards. The resulting publications were screened for studies/analyses that included at 152 

least ten individuals with HCH. These references, along with any additional key references 153 

identified by the core group, were shared with the Delphi panel members prior to voting 154 

(Supplementary Table S2). 155 

Development of initial statements 156 

An insight-gathering step was conducted in August 2025. Based on the literature search, 157 

core themes and areas of interest relating to the diagnosis of HCH were identified and 158 

shared with the insight gathering group. This was a non-anonymised step in which experts 159 

and patient representatives were asked to provide their perspectives and share their 160 

experiences. Based on this feedback, preliminary Delphi statements were developed by the 161 

core group at a face-to-face meeting on 19 October 2025. 162 

Additional statements relating to the radiographic criteria for HCH diagnosis were developed 163 

with input from two radiologists with a joint >35 years’ experience in HCH and other skeletal 164 

dysplasia (ACO, AC) at an online meeting on 2 December 2025.  165 



Delphi voting round 1 166 

Statements were shared with the Delphi panel for anonymised voting using an online voting 167 

system. Panel members were requested to vote using a sliding scale: 0 (completely 168 

disagree) to 100 (completely agree). Members were also asked for any additional 169 

comments, which could be provided as free text. 170 

Consensus was considered to have been reached if at least 70% of panel members scored 171 

a statement with at least 70% agreement; levels of consensus and agreement are shown to 172 

help provide context. 173 

Online meeting and Delphi voting round 2 174 

Following the first round of voting, an online meeting was held on 11 December 2025 to 175 

refine criteria and address any concerns and comments from the Delphi panel. This was 176 

followed by a second round of anonymised voting to gain input on the updated statements. 177 

The modified Delphi process is shown in Figure 1. 178 



Fig. 1|Modified Delphi process 179 

 180 

HCH, hypochondroplasia 181 

Recommendations and discussion 182 

Consensus building and Delphi panel results 183 

In the first round of voting, 15 statements were shared with the Delphi panel. In total, 19 184 

responses were received (17 experts, two patient representatives) and all statements gained 185 

consensus. The full list of statements, associated diagnostic criteria and voting results from 186 

round one of Delphi voting can be seen in Supplemental Tables S3 and S4. MC and AD 187 

selected areas to focus on based on the free text comments received from the Delphi panel 188 

as part of the voting process as well as opening discussion of all statements during the 189 



online meeting. As a result, one statement was removed, one statement was added, and six 190 

statements updated. A second round of anonymised voting was then conducted. 20 191 

responses were received (19 experts, one patient representative). The statements and 192 

results from this final round of voting are reported here. 193 

These recommendations are intended to support a phenotype-led diagnostic approach, with 194 

genetic testing used to confirm and refine diagnosis where available. Initial diagnostic 195 

assessments may occur outside specialist centres; these recommendations are intended to 196 

support both general and expert clinical settings. 197 

Diagnosis of HCH 198 

R1. Accurate and early diagnosis of HCH is important to facilitate appropriate 199 

monitoring, management and potential treatment (mean score: 98; proportion scoring 200 

≥70: 100%) 201 

R2. A definitive diagnosis of HCH can be made in the presence of a pathogenic or 202 

likely pathogenic variant in FGFR3 plus a combination of phenotypic criteria. As 203 

detailed in Box 1 (mean score: 93; proportion scoring ≥70: 95%) 204 

Box 1. Scenarios leading to a definitive diagnosis of hypochondroplasia (HCH) 205 

1. Pathogenic variant in FGFR3 plus at least 1 major criterion 

2. Pathogenic variant in FGFR3 plus at least 3 minor criteria 

3. Likely pathogenic variant in FGFR3 plus at least 2 major criteria 

4. Likely pathogenic variant in FGFR3 plus 1 major criterion and at least 3 minor criteria 

 206 



Box 2. Major and minor criteria for hypochondroplasia (HCH) diagnosis 207 

Major criteria for HCH diagnosis 

1. Disproportionate short stature for age and sex, defined as both: 

Height or length below −2 SD* for age and sex 

 AND 

Evidence of disproportion, defined as one of the following: 

i. Sitting height to standing height ratio >2 SD* 

ii. Upper-to-lower body segment ratio >2 SD* 

2. Relative macrocephaly with no alternative cause, defined as a Head Circumference Height 

Index (HCH-I)** below a score of −2 

3. The major radiographic criterion – Table 1 

4. Characteristic brain MRI finding in the temporal lobes defined as at least one of the 

following: 

a. Temporal lobe dysgenesis including hippocampal dysgenesis  

b. Sagittal aberrant sulcus and/or deep transverse sulcus within the temporal lobe 

c. Incomplete hippocampal inversion 

5. Family history in a first-degree relative who meets the criteria for a definitive diagnosis of HCH 

Minor criteria for HCH diagnosis 

1. Short stature defined as a height or length below −2 SD* for age and sex** 

AND/OR 

Height or length below genetic potential defined as a height or length >2 SD* below mid-

parental target height** 

2. Evidence of body disproportion, defined as one of the following**: 

a. Sitting height to standing height ratio >2 SD* 

b. Upper-to-lower body segment ratio >2 SD* 

3. Absolute macrocephaly defined as a head circumference >2 SD*, with no alternative cause 

4. Clinical evidence of changes in the upper limbs consistent with hypochondroplasia 

(rhizomelia, limited arm extension and/or broad hands) 

5. Asymptomatic ventriculomegaly and/or increased extra-axial fluid 

6. History of at least one afebrile seizure 

7. History of ADHD, diagnosed learning difficulties or executive function abnormalities 

8. At least two minor radiographic criteria – Table 1 



9. Family history: a first-degree relative who meets the suspected HCH diagnostic criteria 

(see below) 

*Standard deviation of appropriate unaffected background population distribution. **HCH-I = 208 
height Z-score minus ½ head circumference Z-score.6 MRI, magnetic resonance imaging 209 

**If the patient meets major criterion 1 (disproportionate short stature), minor criteria 1 and 2 210 
may not be used 211 

 212 

Table 1. Major and minor radiographic criteria for hypochondroplasia (HCH) diagnosis by 213 
age group (neonate/infant and ≥12 months old) 214 

Age group Major radiographic criterion 
for HCH diagnosis 

Minor radiographic criteria for HCH 
diagnosis 

Neonates 

and infants 

(<12 months 

old): 

No major criteria 1. Short sciatic notches 

2. Short, relatively broad long bones 

3. Broad femoral necks 

4. Horizontal acetabular roofs 

5. Small iliac bones, with reduced 

diameter in craniocaudal and 

transverse directions 



Individuals 

≥12 months 

old 

 

Radiological signs of 

progressive lumbar canal 

stenosis (L1–L4), defined as: 

• On anteroposterior view 

of lumbar spine: Lack of 

normal widening of the 

L1 to L4 interpedicular 

distance 

  AND 

• On lateral view of lumbar 

spine: L1 to L4 

progressive lumbar 

pedicle shortening 

1. Relatively long distal fibulae, defined 

by position of lower fibular growth 

plate at or below level of ankle 

mortice (lower border of lower tibial 

epiphysis)*  

2. Small iliac bones, with reduced 

diameter in craniocaudal and 

transverse directions 

3. Short and/or broad femoral necks 

4. Short, relatively broad long bones; 

metaphyses may appear flared 

5. Prominent sites of muscular 

insertion, e.g., at deltoid insertion in 

humeral diaphysis 

*In children 3 years and older, to qualify 

for minor radiographic criteria, criterion 

#1 must always be met. 

 215 

Clinical features of HCH 216 

The major and minor clinical and radiographic criteria have been developed to reflect data 217 

from published cohort studies and the Delphi panel’s experience of which signs and 218 

symptoms of HCH are most characteristic of and specific to HCH when seen in combination. 219 

Unless stated, these criteria can be applied from birth onwards. The most commonly 220 

reported phenotypic feature among cohorts of individuals with HCH is disproportionate short 221 

stature, but with broad phenotypic variability, including individuals with milder forms where 222 

these phenotypic characteristics can overlap with the background population 223 

distribution.5,9,15,26 The ratio of sitting height to standing height (or upper body segment to 224 



lower body segment, in neonates and infants) is markedly different for individuals with HCH 225 

compared with the average-stature population, with clear differentiation apparent from birth.8 226 

This warrants its inclusion both as a component of a major criterion, and as a separate minor 227 

criterion. 228 

Relative macrocephaly is another core feature. Although absolute macrocephaly shows 229 

strong predictive value for HCH,7 justifying its inclusion as a minor criterion, multiple cohorts 230 

have shown that head circumference is often normal or only modestly raised in absolute 231 

terms but clearly increased when expressed relative to height.1,2,7,15,16 The recently 232 

developed Head Circumference Height Index (HCH-I) formalises head–height disproportion 233 

as height Z-score – ½ head circumference Z-score. The HCH-I discriminates HCH from 234 

population controls with good sensitivity and specificity in infants and children. Indeed, when 235 

applied to a large average-stature cohort of children (n=4620), only 2.4% had an HCH-I 236 

score below −2 compared with 78% of children with HCH (n=364). This improved for those 237 

>12 months where 1.9% of the average-stature compared with 90% of HCH children had an 238 

HCH-I score below −2. 6 These findings support its use as an objective major criterion.  239 

Evaluation of changes in the upper limbs, consistent with hypochondroplasia can include: a 240 

reduced arm-span-to-overall-height ratio,2,5 rhizomelia2,3 (assessed from skeletal 241 

radiography and defined as a radial/humeral length ratio greater than 2 standard deviations 242 

above the population norm),27 assessment of reduced range of movement at the elbows,1-3 243 

and brachydactyly (broad, short hands).2,3,17,18 244 

In addition to the signs and symptoms of HCH classified as major and minor criteria, 245 

additional phenotypic characteristics are present in some individuals with HCH. These may 246 

include: lumbar lordosis,3,15,26 tibial bowing,1,9 genu varum,2,18,24 spinal stenosis,18 foramen 247 

magnum stenosis,1,20 and hydrocephalus (reported but rare in HCH).2,20 Symptoms of spinal 248 

stenosis may need intervention more commonly in adults with HCH than in children with 249 

HCH, in whom it rarely causes problems.1 250 



Radiographic features of HCH 251 

Radiographically, failure of the normal cranio-caudal increase in lumbar interpedicular 252 

distance, secondary to short lumbar pedicles, is recognised as the most characteristic spinal 253 

feature of HCH and underpins the major radiographic criterion in children aged ≥12 254 

months.2,3,15,26 This is often seen in conjunction with posterior vertebral scalloping,3,15 but this 255 

feature was not considered specific enough to be included as a criterion. Figure 2 shows 256 

examples of these radiographic features. 257 

Radiographic and neuroimaging findings should be interpreted in the context of age, clinical 258 

presentation, and available expertise. It should be noted when interpreting radiographic 259 

assessments of neonates, infants or young children with suspected HCH, that findings 260 

meeting the major criterion may develop as the child ages. Because of this, in individuals 261 

who fail to meet the major criterion, or where equivocal results are observed, radiographic 262 

assessment can be repeated one year later, or after the child’s third birthday (whichever is 263 

later).  264 

Fig. 2|Radiographs showing key features of hypochondroplasia (HCH). 265 

a,b. Anteroposterior view of lumbar spine (a) in a 5-year-old boy with a c.1620C>A variant in 266 

FGFR3 and corresponding view (b) in a healthy 5-year-old boy without HCH. Callipers 267 

highlight the lack of normal widening of the L1 to L4 interpedicular distances in HCH, with 268 

the interpedicular distance at L1 wider than at L4. c,d. Lateral view of lumbar spine (c) in a 269 

7-year-old girl with a c.1620C>A variant in FGFR3 and corresponding view (d) in a healthy 270 

7-year-old boy without HCH. Arrows highlight L1 to L4 progressive lumbar pedicle shortening 271 

in HCH. 272 



 273 

 274 

In neonates and infants, lumbar changes are often subtle or absent, hence no radiographic 275 

signs were considered to meet the threshold to be included as a major criterion for HCH 276 

diagnosis. However, a separate set of radiographic signs has been proposed, all of which 277 

showed sufficient discriminatory performance in neonates with HCH-associated pathogenic 278 

FGFR3 variants to form the basis for the neonatal minor radiographic criteria.25 In older 279 



children and adults, additional radiographic features that are highly characteristic, though 280 

individually non-specific comprise the minor radiographic criteria.1-3,15,26 281 

Brain MRI and neurocognitive features of HCH 282 

The major criterion related to brain magnetic resonance imaging (MRI) findings reflects 283 

accumulating evidence that temporal lobe malformations are common in HCH. In a series of 284 

13 patients with HCH and pathogenic variants within FGFR3 leading to the p.N540K 285 

substitution, temporal lobe dysgenesis with abnormal transverse temporal sulci, 286 

hippocampal malrotation or dysplasia, and abnormal configuration of the temporal horns and 287 

adjacent white matter were observed in all eight individuals with MRI assessments.20 Brain 288 

MRI is not required for an HCH diagnosis if the patient fulfils the other diagnostic criteria, but 289 

should be performed if clinically indicated, such as in a child with seizures, developmental 290 

concerns, or increasing head circumference. 291 

Brain MRI findings of asymptomatic ventriculomegaly and/or increased extra-axial fluid have 292 

been observed in patients with HCH and are therefore included as a minor criterion.2,20 293 

Although hydrocephalus has been reported in HCH patients with the p.N540K 294 

substitution,2,20 this is a rare complication. 295 

Across several HCH cohorts, seizures (often focal or temporal lobe in origin), learning 296 

disabilities, specific learning disorders, attention difficulties and broader executive function 297 

problems have been reported at higher frequency than in the general population.2,19,20 298 

Clearly more study is needed, but these observations prompted the inclusion of the minor 299 

criteria relating to a history of afebrile seizures and to ADHD, diagnosed learning difficulties 300 

or executive dysfunction. 301 

R3. If a patient does not meet the criteria for a diagnosis of definitive HCH, consider 302 

performing additional evaluations that will increase the chances of reaching a specific 303 

diagnosis (mean score: 97; proportion scoring ≥70: 100%) 304 



The goal of performing additional evaluations should be to help guide a diagnosis, so that 305 

appropriate management and care can be provided. Based on clinical judgement, and 306 

guided by results from previous assessments, these evaluations may be clinical, 307 

radiographic or genetic. In the case of clinical and radiographic assessments, it should be 308 

noted that some signs of HCH may become more apparent as children age (see R7 and 309 

associated discussion). In individuals where certain assessments have not previously been 310 

performed, additional assessments may help to confirm a diagnosis, either of HCH or of 311 

another skeletal dysplasia. This may occur where initial diagnostic assessments are 312 

performed outside specialist centres.  313 

If there is a strong clinical suspicion of HCH, but previous genetic assessments have not 314 

identified an HCH-associated variant within FGFR3 (Table 2), a clinician may consider the 315 

possibilities of technical/lab error affecting the initial genetic findings or incomplete genetic 316 

testing. Relevant FGFR3 variants may have been missed in different scenarios: genetic 317 

analysis only focused on specific pathogenic variants or specific exons; exons or regions of 318 

the gene included in the test but not well covered; rare deep intronic variants not assessed in 319 

routine testing.28 Case-by-case discussion with a reference skeletal dysplasia genetics 320 

laboratory is important. Repeating genetic testing and/or undertaking more comprehensive 321 

genetic analysis may be considered. This should also include the confirmation that genetic 322 

testing for HCH differential diagnoses has been performed. This may include SHOX-323 

deletions testing, or skeletal dysplasia multigene next-generation sequencing panel and/or 324 

whole-exome/genome sequencing to confirm whether variants are present in non-FGFR3 325 

genes that may have overlapping phenotypes with HCH (e.g., SHOX, ACAN, GNAS, NPR2, 326 

COL2A1, IHH).1,29-31 327 

  328 



Table 2. Selected Pathogenic (P) and Likely Pathogenic (LP) FGFR3 variants related to 329 

hypochondroplasia (HCH). 330 

Nucleotide 
Change 

[exon number] 
(NM_000142.5)  

Protein Change 

[Protein domain] 
(NP_000133.1) 

ACMG 
class-
ification 

Key Citations Comments 
(genotype-
phenotype, 
#ClinVar ID, 
variant 
frequency)  

c.251C>T 

[exon 3] 

p.Ser84Leu  

[IgI] 

P Heuertz et al. (2006)32 

Hasegawa et al. (2014)5 

Andrade et al. (2022)33 

Plachy et al. (2023)34 

MacCarrick et al. (2024)35 

#16358 

Moderate 

phenotype32 

c.598C>T  

[exon 5] 

 

p.Arg200Cys  

[IgII] 

LP Heuertz et al. (2006)32 

Almeida et al. (2009)18 

Hasegawa et al. (2014)5 

#287276 

 

c.667C>T 

[exon 6] 

p.Arg223Cys  

[IgII] 

LP Mejia et al. (2020)36 

Andrade et al. (2022)33 

MacCarrick et al. (2024)35 

#838879 

 

c.791C>T  

[exon 7] 

p.Thr264Met 

[IgII-IgIII linker] 

  

LP Song et al. (2012)3 

MacCarrick et al. (2024)35 

#1680030 

c.802G>T 

[exon 7] 

p.Gly268Cys 

[IgII-IgIII linker] 

LP Heuertz et al. (2006)32 #1680033 

c.833A>G 

[exon 7] 

 

p.Tyr278Cys 

[IgIII] 

P Heuertz et al. (2006)32 

Song et al. (2012)3 

Chen et al. (2013)37 

Xue et al. (2014)17 

Li et al. (2013)38 

Zhao et al. (2015)39 

Chandler et al. (2018)40 

Cheung et al. (2024)9 

#16357 

Severe 

phenotype, 

overlapping 

with ACH in 

some 

cases37,38  

c.835A>T 

[exon 7] 

p.Ser279Cys 

[IgIII] 

LP Heuertz et al. (2006)32 

Friez et al. (2008)41 

#16356 

https://www.ncbi.nlm.nih.gov/clinvar/variation/16358/


   Severe 

skeletal 

phenotype 

overlapping 

with ACH at 

birth, then 

evolving to 

mild-moderate 

HCH41 

c.970C>G  

[exon 7] 

 

p.Leu324Val  

[IgIII] 

 

LP Saito et al. (2012)42 

Ishii et al. (2022)43  

MacCarrick et al. (2024)35 

#1680048 

c.971T>A 

[exon 7] 

 

p.Leu324His 

[IgIII] 

 

LP Nagahara et al. (2016)44 

Ishii et al. (2022)43 

#noclinvarID 

c.983A>T 

[exon 7] 

p.Asn328Ile 

[IgIII] 

 

LP  Winterpacht et al. (2000)45 

Heuertz et al. (2006)32 

#65916 

c.1043C>G 

[exon 7] 

p.Ser348Cys 

[IgIII] 

 

LP Couser et al. (2017)46 

Bengur et al. (2020)47 

Hasegawa et al. (2016)48 

Chaudhry et al. (2021)49 

#1526266  

Severe HCH 

phenotype, 

overlapping 

with mild ACH, 

acanthosis 

nigricans 

c.1052C>T [exon 

7] 

 

p.Ser351Phe 

[IgIII] 

 

LP Yao et al. (2019)50 

MacCarrick et al. (2024)35 

#649812 

c.1052C>G  

[exon 7] 

 

p.Ser351Cys  

[IgIII] 

 

LP Ishii et al. (2022)43 

MacCarrick et al. (2024)35 

#372751 

c.1075+95C>G 

[intron 8] 

p.A359delinsG 

TGFCCCCCSAL 

SGGRWLGTR 

QSCQDGRESS 

[TM] 

LP Xu et al. (2021)28 

Ouedraogo et al. (2021)51 

#2664079 



c.1138_1139GG>
AA 

[exon 10] 

p.Gly380Lys  

[TM] 

LP Almeida et al. (2009)18 

Santos et al. (2007)52 

#noclinvarID 

c.1612A>G  

[exon 13] 

 

p.Ile538Val 

[TK1]  

 

 

P Grigelioniene et al. 

(1998)53 

Plachy et al. (2023)34 

MacCarrick et al. (2024)35 

#16345 

c.1618A>G [exon 

13] 

 

p.Asn540Asp 

[TK1] 

LP - #374828 

c.1619A>C  

[exon 13] 

 

p.Asn540Thr 

[TK1] 

 

P Deutz-Terlouw et al. 

(1998)54 

Barbour et al. (1987)55 

MacCarrick et al. (2024)35 

#16344 

c.1619A>G  

[exon 13] 

 

p.Asn540Ser 

[TK1] 

 

P Mortier et al. (2000)56 

Thauvin-Robinet et al. 

(2003)57 

MacCarrick et al. (2024)35 

#16349 

c.1620C>A 

[exon 13] 

 

p.Asn540Lys 

[TK1] 

 

P Bellus et al. (1995)58 

Prinos et al. (1995)59 

Xue et al. (2014)17 

MacCarrick et al. (2024)35 

#16337 

Most common 

HCH causative 

variant. 

Variable 

phenotypes, 

but often 

severe and 

can overlap 

with ACH17 

c.1620C>G  

[exon 13] 

 

p.Asn540Lys 

[TK1] 

 

P Bellus et al. (1995)58 

Prinos et al. (1995)59 

Xue et al. (2014)17 

MacCarrick et al. (2024)35 

#16338 

Most common 

HCH causative 

variant. 

Variable 

phenotypes, 

but often 

severe and 



can overlap 

with ACH17 

c.1948A>C 

[exon 15] 

 

p.Lys650Gln 

[TK2] 

P Bellus et al. (2000)60 

Blomberg et al. (2010)61 

Ishii et al. (2022)43 

Xue et al. (2014)17 

#16348 

Acanthosis 

nigricans 

Mild-moderate 

skeletal 

phenotype 

c.1949A>C 

[exon 15] 

 

p.Lys650Thr 

 [TK2] 

 

P Berk et al. (2010)62 

Castro-Feijoo et al. 

(2008)63 

Muguet Guenot et al. 

(2019)64 

Xue et al. (2014)17 

MacCarrick et al. (2024)35 

#65855 

Acanthosis 

nigricans 

Mild-moderate 

skeletal 

phenotype 

c.1950G>T 

[exon 15] 

 

p.Lys650Asn  

[TK2] 

P Bellus et al. (2000)60 #16346 

Mild-moderate 

skeletal 

phenotype 

c.1950G>C 

[exon 15] 

 

p.Lys650Asn 

[TK2] 

P Bellus et al. (2000)60 #16347 

Mild-moderate 

skeletal 

phenotype 

c.2005C>G 

[exon 16] 

 

p.Arg669Gly 

[TK2] 

LP Spurna et al. (2024)65 

Patani et al. (2016)66 

 

#579912 

The information in this table was based on literature review and the authors' experience. 331 

Certain variants reported in the literature to be related to HCH were not included in this table 332 

when evidence thus far was insufficient to declare it as P/LP, or phenotypic data were not 333 

available. Examples of this include: p.Asn262His32; p.Ser269Cys67; p.Leu326Trp68; 334 

p.Gly342Cys69; p.Glu360Lys18; p.Val381Glu32; p.Gly382Asp70. Variants considered causative 335 

for HCH and their degree of pathogenicity will change over time. Clinical descriptions with 336 

familial segregation analysis, functional studies and deep mutational screening are relevant 337 

for this reclassification process. A maintained list of variants linked to HCH can be found on 338 

the IAF website at: achondroplasiaforum.com/resources. If ambiguity persists, 339 



multidisciplinary expert opinion, including clinicians and molecular genetics with experience 340 

in skeletal dysplasia genetic studies, is encouraged. 341 

ACH, achondroplasia; ACMG, American College of Medical Genetics  342 

 343 

R4. A diagnosis of suspected HCH can be made based on a combination of genetic 344 

and phenotypic criteria. As detailed in Box 3. (Mean score: 96; proportion scoring ≥70: 345 

100%) 346 

The terminology for this situation was discussed and after various suggestions, the term 347 

“suspected HCH” was selected by most Delphi panel members (63%). 348 

Box 3. Scenarios in which a diagnosis of suspected hypochondroplasia can be made 349 

The absence of a definitive diagnosis of an alternate skeletal dysplasia, but with one of the 

following: 

1. Likely pathogenic variant in FGFR3 with no major criteria but at least 6 minor criteria 

2. Variant of uncertain significance (VUS) in FGFR3 plus at least 2 major criteria 

3. VUS in FGFR3 plus 1 major criterion and at least 3 minor criteria 

4. No variant detected in FGFR3 and at least 4 major criteria 

 350 

R5. In individuals with at least 4 major criteria for HCH diagnosis (Box 2), in whom 351 

genetic testing has not been performed (or is not available), a diagnosis of HCH, 352 

genetically unconfirmed can be made (mean score: 92; proportion scoring ≥70: 353 

100%). 354 

The diagnostic category “HCH, genetically unconfirmed” should be used to differentiate from 355 

cases where genetic testing for HCH-associated FGFR3 variants was performed but none 356 

was detected. 357 



R6. Individuals with a suspected HCH diagnosis require further clinical and/or genetic 358 

evaluation and periodic re-evaluation of variant interpretation (mean score: 97; 359 

proportion scoring ≥70: 100%). 360 

R7. Physical features of HCH typically become more pronounced as the child ages; in 361 

some less severe cases, first presentation may be in late childhood or adulthood 362 

(mean score: 94; proportion scoring ≥70: 95%). 363 

Clinical features of HCH are often subtle in early life. Many affected infants have normal or 364 

only mildly reduced birth length, with relative macrocephaly and minimal limb–trunk 365 

disproportion.16,26 In many cases, short stature is frequently not recognized until late infancy 366 

or early school age when slowing of growth and clearer disproportion become apparent.1,24 367 

As growth proceeds, heights in children with HCH tend to diverge progressively from 368 

average-stature populations. An often blunted or absent pubertal growth spurt can lead to 369 

height deficit and body disproportion becoming more obvious over time.9,26 This is reflected 370 

in observational cohorts documenting individuals first diagnosed in late childhood or 371 

adulthood, often during evaluation of short stature, back or limb symptoms, or when a 372 

relative is diagnosed.1,15,19,24 373 

Although many features of HCH become more pronounced as the child ages, seizures are 374 

more common in infants with HCH than in children and adults with HCH.1,19,20 375 

Prenatal diagnosis of HCH 376 

R8. Features of HCH may be detectable prenatally by ultrasound, and as early as 20 377 

weeks of gestation (mean score: 85; proportion scoring ≥70: 89%). 378 

Features of HCH most commonly identifiable prenatally by ultrasound are shortening of the 379 

long bones and relative macrocephaly.24 Detection as early as 20 weeks has been 380 

documented.24 Although many countries do not schedule routine ultrasound assessments 381 



after 20 week, signs of HCH become more pronounced in assessments performed at 24–28 382 

weeks.71  383 

While prenatal detection is possible, there are many cases where HCH is not detected 384 

antenatally.10 This may be due to the variable presentation of HCH – prenatally identifiable 385 

features can be within the normal range of the general population. However, it is also the 386 

panel’s view that greater awareness of the prenatal signs of HCH could lead to earlier 387 

diagnosis in individuals with HCH. Indeed, when retrospectively examining ultrasonography 388 

images in individuals diagnosed antenatally, it is not unusual to see prenatal signs of HCH 389 

that were not identified as being indicative of skeletal dysplasia at the time.24 390 

R9. Non-invasive prenatal screening (NIPS) is available in some countries to screen 391 

for variants in FGFR3 associated with HCH (mean score: 93; proportion scoring ≥70: 392 

94%). 393 

R10. If a pathogenic or likely pathogenic variant in FGFR3 associated with HCH is 394 

identified via NIPS, definitive testing should be offered, which may include 395 

amniocentesis or postnatal genetic testing (mean score: 97; proportion scoring ≥70: 396 

100%). 397 

NIPS of cell-free foetal DNA (i.e., of placental trophoblast origin) is being used increasingly in 398 

routine prenatal care,72,73 starting from around 10 weeks’ gestation. In some settings, this 399 

includes single-gene screening for variants in FGFR3, including those associated with HCH. 400 

However, at present, NIPS is still not available to many people, and it remains a screening 401 

tool rather than a diagnostic test. Where a pathogenic or likely pathogenic FGFR3 variant 402 

associated with HCH is identified, confirmatory invasive prenatal testing (typically 403 

amniocentesis) should be offered, or genetic testing can be deferred until after birth. If there 404 

is a known family history of HCH, chorionic villus sampling may be considered or non-405 

invasive testing (if the father is the affected parent). 406 



A variety of genetic testing approaches are available, including skeletal dysplasia panel 407 

analysis, whole genome sequencing, whole exome sequencing, and targeted sequencing of 408 

specific variants or genes.1,74 How these are used in the diagnostic process will be guided by 409 

the clinical situation and established processes within individual healthcare systems with 410 

appropriate pre-test genetic counselling. 411 

R11. Infants with a clinical suspicion of HCH but negative NIPS (or in the absence of 412 

prenatal genetic testing) should undergo postnatal assessment (mean score: 98; 413 

proportion scoring ≥70: 100%). 414 

Family history 415 

R12. In individuals with suspected HCH and/or skeletal dysplasia, family history should 416 

be considered to identify potential cases of autosomal dominant inheritance (mean 417 

score: 99; proportion scoring ≥70: 100%). 418 

Consideration of family history should initially focus on whether first-degree relatives have 419 

clinical signs of HCH or other skeletal dysplasia. This can help to inform the diagnostic 420 

process, based on current understanding of relevant autosomal dominant inherited 421 

conditions. 422 

R13. HCH is most frequently caused by a de novo heterozygous pathogenic variant in 423 

FGFR3 (mean score: 96; proportion scoring ≥70: 100%). 424 

There are diverse published findings regarding the proportion of patients with HCH but 425 

lacking a variant within FGFR3.4,5,18 It had previously been reported that this figure was 426 

approximately 30% of HCH cases.17 However, a more recent study of 29 HCH patients found 427 

that only two lacked an HCH-associated variant within FGFR3; the authors suggested that 428 

incomplete genetic screening of FGFR3 in previous studies may account for this apparent 429 

disparity.17  430 



Based on available published literature, the proportion of HCH caused by de novo variants is 431 

thought to be less than in achondroplasia.10 However, it is hard to estimate the true 432 

proportion of HCH caused by de novo vs inherited variants due to the paucity of large 433 

epidemiological studies, and because cohort studies to date have been limited in size and 434 

scope.17,18 435 

R14. Although the most common HCH-causing variants are those leading to the 436 

p.N540K (p.Asn540Lys) substitution, several other variants causing HCH have been 437 

identified within FGFR3 (mean score: 99; proportion scoring ≥70: 100%). 438 

Genetic testing and clinical interpretation of FGFR3 variants are often complex. Different 439 

germline variants in this gene are known to cause a variety of distinct phenotypes,75  440 

primarily driven by missense variants. While some genotype-phenotype correlations are well 441 

established, others remain challenging to define. A striking feature of FGFR3 is that different 442 

substitutions at the same amino acid residue can result in vastly different clinical outcomes. 443 

The most notable example involves the lysine residue at position 650: p.Lys650Glu causes 444 

thanatophoric dysplasia type II (MIM#187601), p.Lys650Met causes severe achondroplasia 445 

with developmental delay and acanthosis nigricans (SADDAN) syndrome (OMIM#616482) 446 

while p.Lys650Asn, p.Lys650Gln and p.Lys650Thr cause milder phenotypes fitting HCH.60 447 

The diagnostic criteria refer to heterozygous pathogenic or likely pathogenic variants (per 448 

ACMG/AMP guidelines)76 specifically linked to HCH, for which Table 2 provides a selection. 449 

Variants should be annotated using the “standard” MANE transcript (NM_000142) to avoid 450 

misinterpretation. 451 

HCH is typically caused by FGFR3 gain-of-function heterozygous missense variants,1 452 

although one deep intronic variant affecting splicing and leading to an in-frame insertion has 453 

been described.28,51 No deletions or duplications involving FGFR3 have been reported to 454 

cause HCH.1 At the time of writing, there is not yet a comprehensive database focused on 455 

FGFR3 variant classification nor specific ClinGen recommendations. There are still a 456 



significant number of variants that should be classified as of unknown significance (VUS), 457 

not only the ones affecting amino acid residues previously unreported. Difficulties in 458 

interpretation derive from lack of detailed phenotypic descriptions or functional studies in the 459 

literature, making it difficult to apply ACMG criteria confidently even when one identifies 460 

some of the previously reported variants (see Table 2 footnote). When a VUS is identified, it 461 

is important to reassess the possibilities of reclassification, focusing on the location of 462 

affected amino acid residue, the in silico deleteriousness prediction, the regional missense 463 

constraint, the parents’ phenotype and segregation studies (de novo vs inherited).We 464 

anticipate additional HCH-associated variants will continue to be identified, and because of 465 

this, genetic analysis of FGFR3 in individuals with suspected HCH should refer to online 466 

resources (e.g., ClinVar, LOVD)77,78 for the latest data, and expert consultation may be 467 

required. 468 

R15. In cases where an individual is diagnosed with HCH due to a pathogenic or likely 469 

pathogenic variant, first-degree relatives should be assessed for potential signs of 470 

HCH and referred for genetic counselling as appropriate (mean score: 96; proportion 471 

scoring ≥70: 100%). 472 

Depending on the care pathways within the healthcare system, this assessment and (if 473 

appropriate) the subsequent genetic counselling may be undertaken by a variety of 474 

specialists. Where possible, these specialists should have previous experience with HCH 475 

and skeletal dysplasia. As previously mentioned, it is not uncommon for a diagnosis of HCH 476 

to lead to further diagnoses within a family. Multiple family members carrying the same 477 

variant may have differing severities of clinical phenotype due to variable penetrance. 478 

Areas of future research 479 

The recommendations within this consensus statement have been developed based on the 480 

available published literature and the expert opinions of the Delphi panel. Following their 481 

publication, there is a need for real-world testing and validation of these recommendations. 482 



This will provide data to further strengthen and develop our understanding of the diagnostic 483 

process for HCH, and to inform future recommendations. There is also a need for testing, 484 

implementation and validation of the various grading/classification systems that have been 485 

developed to assess different aspects of HCH.3,6,9,25 This will help to further refine how and 486 

when these systems should be used, and how they fit within the overall diagnostic process. 487 

While acknowledging the work over recent years to improve our understanding of the impact 488 

of the various identified variants within FGFR3, further work is needed to help characterise 489 

the potential impact of variants of uncertain significance. It is also expected that, with 490 

rigorous genetic analysis more widely available, additional variants within FGFR3 will be 491 

identified. Research is needed into the ways these variants affect individuals with HCH and 492 

genotype-phenotype correlations. With the increasingly availability of massively parallel 493 

sequencing (MPS) customisable gene panels, and the sharing of resulting data, it is also 494 

important to characterise the proportion of individuals with suspected HCH, or HCH 495 

“genetically unconfirmed” who subsequently receive an alternative diagnosis driven by non-496 

FGFR3 genes. 497 

Finally, there is a need for research to help increase our understanding of the role of 498 

neuroimaging in HCH; for example, how neuroimaging findings are associated with 499 

neurological clinical findings and what these can tell us about the true prevalence of 500 

neurological complications in HCH. 501 

Strengths and limitations 502 

The main strengths of this consensus statement are that it builds on the findings of multiple 503 

studies in HCH and combines these with the experience from a broad international panel of 504 

HCH experts from a variety of relevant fields (endocrinology, genetics, radiology). The use of 505 

the widely accepted Delphi methodology further strengthens the validity of these 506 

recommendations. 507 



A major limitation of this consensus statement is that there are few large epidemiological 508 

studies published. Because of this, statements are often based on findings from small cohort 509 

studies. Also, older studies often lacked comprehensive genetic assessment of FGFR3. It is 510 

also limited by selection bias of the participating experts and the definition of “consensus” 511 

(set here at 70%) that is inherent to all such Delphi processes. 512 

The panel recognises that access to molecular diagnostics varies globally. These 513 

recommendations are intended to be flexible and applicable across diverse healthcare 514 

settings, with clinical and radiographic criteria remaining central to diagnosis when genetic 515 

testing is unavailable. 516 

Conclusions 517 

These expert guidelines provide a practical framework to help guide the diagnosis of HCH in 518 

both general and expert clinical settings. They include guidance on which assessments 519 

(clinical, radiographic and genetic) should be performed as part of the diagnostic process 520 

and how results should be interpreted to reach an overall diagnosis.   521 
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Supplementary Table S2. Key references shared with Delphi panel 810 
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Chiaramonte, S.S., M. Del Pino, 
and V. Fano. Arch Argent 
Pediatr. 2025;e202510663. 
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Prevalence of low birth weight, 
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disproportion at birth 

Cheung, M.S., et al., Am J Med 
Genet A. 2025;e64266. 

72 children with HCH Disproportion between head 
circumference and height 

Kim, H.Y., et al., Exp Clin 
Endocrinol Diabetes. 
2023;131:123-31. 

20 patients with N540K-
related HCH 

Clinical manifestations 

Sabir, A.H., et al., Am J Med 
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Saito, T., et al., Pediatr Radiol. 
2016;46:513–8. 

7 HCH patients, 30 
controls 
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Xue, Y., et al., Mol Genet 
Genomic Med. 2014;2:497–503. 

324 patients with 
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FGFR3 variant frequency 

Hasegawa, K. and H. Tanaka. 
Pediatr Int. 2014;56:809–812. 

193 short stature 
patients; 47 with HCH 

Clinical manifestations and 
genetic analysis 

Song, S.H., et al. Am J Med 
Genet A. 2012;158:2456–62. 

160 short stature 
patients; 58 diagnosed 
with HCH 

Clinico-radiologic and 
molecular diagnostic criteria in 
HCH 

Almeida, M.R., et al. Clin Genet, 
2009;75:150–6. 

125 patients with 
skeletal dysplasia  

Genetic analysis of FGFR3 and 
other genes 

Fano, V., et al. Ann Hum Biol, 
2005;32:782–8. 

26 HCH patients Head circumference 

Prinster, C., et al. Pediatr Radiol. 
2001;31:203–8. 

21 patients with 
suspected HCH 

Radiographic analysis 

Muguet Guenot, L., et al. Pediatr 
Dermatol. 2019;36:242–6 

5 patients with HCH Acanthosis nigricans 

Arenas, M.A., M. del Pino and V. 
Fano. J Pediatr Endocrinol 
Metab. 2018;31:1279–84 

57 children with N540K-
related HCH 

Longitudinal growth  

Prinster, C., et al. Am J Med 
Genet A. 1998;75:109–12 

18 patients with 
suspected HCH 

Clinical-radiological and 
molecular findings 



Cheung, M.S., et al. Am J Med 
Genet A. 2024;194:243–52 

188 children with a 
diagnosis of HCH 

HCH-specific growth reference 
charts  

Linnankivi, T., et al. Am J Med 
Genet A. 2012:158:3119–25 

13 patients with N540K-
related HCH 

Neuroimaging and neurological 
findings 

Hall, B.D. & Spranger, J. 
Radiology 1979;133:95-100 

39 patients with HCH Clinical and radiological 
features 

Bober, M.B. et al. in 
GeneReviews (eds M.P. Adam et 
al.) 1993 (Updated 2025) 

N/A (review article)  Presentation, testing, diagnosis 
and management  

Ramaswami, U., et al. J Pediatr. 
1998;133: 99–102 

65 children with a 
diagnosis of HCH 

Genetic and phenotypic 
findings 
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Supplementary Table S3. Initial Delphi statements and voting result from 812 

round one. 813 

Statement Proportion 
with ≥70% 
agreement 

Outcome 

Accurate and early diagnosis of HCH is 
important to facilitate appropriate monitoring, 
management and potential treatment 

100% No updates made 

A definitive diagnosis of HCH can be made in 
the presence of a pathogenic or likely 
pathogenic variant in FGFR3 plus a 
combination of phenotypic criteria. As detailed 
in Supplementary Table S4. 

83% Comments received 
resulting in amends to 

major and minor criteria 

If a patient does not meet the criteria for a 
diagnosis of HCH, ensure any additional 
evaluations are completed that will allow a 
positive diagnosis to be reached 

89% Statement updated to 
reflect comments and 

discussion 

A diagnosis of likely/suspected/probable/ 
genetically unconfirmed HCH can be made 
based on a combination of genetic and 
phenotypic criteria, as detailed in 
Supplementary Table S4. 

76% “Suspected HCH” 
confirmed as preferred 

wording. Additional 
statement (R5) 

developed 

Individuals with a likely/suspected/ 
probable/genetically unconfirmed HCH 
diagnosis require further clinical and/or genetic 
evaluation and periodic re‑evaluation of variant 
interpretation 

94% Statement updated to 
reflect comments and 

discussion 

Clinical features of HCH may become more 
pronounced/noticeable as the child develops; 
in some less severe cases first presentation 
may be in late childhood or adulthood 

94% Statement updated to 
reflect comments and 

discussion 

Clinical features of HCH may be detectable by 
prenatal US starting in the 2nd trimester 

82% Statement updated to 
reflect comments and 

discussion 

NIPS is available in some countries to screen 
for variants in FGFR3 associated with HCH 

93% No updates made 



If a pathogenic or likely pathogenic variant in 
FGFR3 associated with HCH is identified via 
NIPS, definitive testing should be offered 

76% Statement updated to 
reflect comments and 

discussion 

Definitive prenatal genetic testing requires 
amniocentesis; alternatively, postnatal testing 
can be pursued 

82% Statement updated and 
combined with previous 

statement 

Infants with a clinical suspicion of HCH but 
negative NIPS (or in the absence of prenatal 
genetic testing) should undergo postnatal 
assessment 

89% Statement updated to 
reflect comments and 

discussion 

In individuals with suspected HCH and/or 
skeletal dysplasia, family history should be 
considered to identify potential cases of 
autosomal dominant inheritance 

100% No updates made 

HCH is most frequently caused by a de novo 
autosomal dominant mutation in FGFR3 

88% Statement updated to 
reflect comments and 

discussion 

Although the most common HCH-causing 
variants are those leading to an N540K 
substitution, several other variants causing 
HCH have been identified within FGFR3 

100% Statement updated to 
reflect comments and 

discussion 

In cases where an individual is diagnosed with 
HCH due to a pathogenic or likely pathogenic 
variant, first-degree relatives should be 
assessed for potential signs of HCH and 
referred for genetic counselling as appropriate 

89% No updates made 
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Supplementary Table S4. Initial major and minor criteria proposed as part of round 816 

one of Delphi voting. 817 

Major criteria for HCH diagnosis 

1. Disproportionate short stature for age 
and sex, defined as both: 

a. Height below −2 SD* for age 
and sex 

b. Evidence of disproportion, 
defined as one of the following: 

iii. Sitting height to 
standing height ratio 
>2 SD* 

iv. Upper-to-lower 
segment ratio >2 SD* 

2. Relative macrocephaly with no 
alternative cause, defined as a Head 
Circumference Height Index (HCH-I) 
below a score of −2 

3. At least one major radiographic 
criterion – see below 

4. Characteristic brain MRI finding in the 
temporal lobes defined as at least one 
of the following: 

a. Abnormal transverse sulcus 
b. Hippocampal malrotation or 

dysplasia 
c. Temporal lobe dysgenesis 

5. Family history in a first-degree relative 
who meets the criteria for a definitive 
diagnosis of HCH 

Minor criteria for HCH diagnosis 

1. Short stature defined as a height 
below −2 SD* for age and sex 

2. Height below genetic potential 
defined as a height >2 SD* below 
mid-parental target height 

3. Truncal body disproportion 
defined as one of the following: 

a. Ratio of sitting height to 
standing height >2 SD* 

b. Ratio of upper to lower 
segment >2 SD* 

4. Absolute macrocephaly defined 
as a head circumference >2 SD* 

5. Limited elbow extension 
6. Asymptomatic ventriculomegaly 

and/or increased extra-axial fluid 
7. Foramen magnum stenosis 
8. History of at least one seizure 
9. History of ADHD, diagnosed 

learning difficulties or executive 
function abnormalities 

10. At least one minor radiographic 
criterion (see below) 

11. Family history: a first-degree 
relative who meets the 
“likely”/“suspected”/“probable”/ 
“genetically unconfirmed” HCH 
diagnostic criteria (see below) 

Major radiographic criteria 

In neonates and infants (<12 months old) 

• No major criteria 

In individuals ≥12 months old 

1. Radiological signs of lumbar spinal 
stenosis, defined as: 

o Lack of widening of L1-L5 
distances (AP spine) and/or 
short pedicles (lateral spine) 

With or without posterior scalloping 

2. Long distal fibular 
o Relative to tibia; growth plate 

extends below ankle joint 

Minor radiographic criteria (at least two 
required) 

In neonates and infants (<12 months 
old) 

1. Short sciatic notch 
2. Short long bones 
3. Broad proximal femur 
4. Horizontal acetabular 
5. Short ilia 

In individuals ≥12 months old 

1. Short/wide ilia 
2. Short and broad femoral necks 
3. Short, broad tubular (long) bones 
4. Prominent sites of muscular 

insertion 

*standard deviation of population distribution  818 



Supplementary Fig. 1|Examples of radiographic minor criteria. a. Anteroposterior pelvic 819 

radiograph in 5-year-old boy with c.1620C>A FGFR3 variant-related hypochondroplasia, 820 

compared with b. radiograph of pelvis in skeletally normal 5-year-old, illustrating narrow 821 

sacrosciatic notches and small iliac bones in a. 822 

 823 

c. Anteroposterior radiographs of left tibia and fibula in 5-year-old boy with c.1620C>A 824 

FGFR3 variant-related hypochondroplasia, compared with d. radiograph of tibia and fibula in 825 

skeletally normal 5-year-old. The fibula in c is relatively long distally, indicated by the level of 826 

the lower fibular physis (dotted line) lying below the level of the ankle mortice. Note also the 827 

relative metaphyseal widening in c. 828 

 829 


