
P O S I T I O N  S TAT E M E N T Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Irving et al. Orphanet Journal of Rare Diseases          (2023) 18:219 
https://doi.org/10.1186/s13023-023-02795-2

Orphanet Journal of Rare 
Diseases

*Correspondence:
Melita Irving
Melita.Irving@gstt.nhs.uk

Full list of author information is available at the end of the article

Abstract
Foramen magnum stenosis is a serious, and potentially life-threatening complication of achondroplasia. The 
foramen magnum is smaller in infants with achondroplasia, compared with the general population, and both 
restricted growth in the first 2 years and premature closure of skull plate synchondroses can contribute to 
narrowing. Narrowing of the foramen magnum can lead to compression of the brainstem and spinal cord, 
and result in sleep apnoea and sudden death. There is a lack of clarity in the literature on the timing of regular 
monitoring for foramen magnum stenosis, which assessments should be carried out and when regular screening 
should be ceased. The European Achondroplasia Forum (EAF) is a group of clinicians and patient advocates, 
representative of the achondroplasia community. Members of the EAF Steering Committee were invited to submit 
suggestions for guiding principles for the detection and management of foramen magnum stenosis, which 
were collated and discussed at an open workshop. Each principle was scrutinised for content and wording, and 
anonymous voting held to pass the principle and vote on the level of agreement. A total of six guiding principles 
were developed which incorporate routine clinical monitoring of infants and young children, timing of routine MRI 
screening, referral of suspected foramen magnum stenosis to a neurosurgeon, the combination of assessments to 
inform the decision to decompress the foramen magnum, joint decision making to proceed with decompression, 
and management of older children in whom previously undetected foramen magnum stenosis is identified. All 
principles achieved the ≥ 75% majority needed to pass (range 89–100%), with high levels of agreement (range 
7.6–8.9). By developing guiding principles for the detection and management of foramen magnum stenosis, the 
EAF aim to enable infants and young children to receive optimal monitoring for this potentially life-threatening 
complication.
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Background
Achondroplasia is the most common form of skeletal 
dysplasia, with a prevalence of 3.72–4.6 per 100,000 
births [1]. It is a complex and multifaceted condition with 
complications that occur at all stages of the life course, 
including, among others, foramen magnum stenosis 
(FMS), otitis media, genu varum, spinal complications, 
pain and sleep apnoea [2, 3]. The most severe and life-
threatening of the complications observed in infancy and 
early childhood, is foramen magnum stenosis. The fora-
men magnum is situated in the occipital bone, within the 

posterior cranial fossa, and is traversed by the medulla 
oblongata, meninges, vertebral arteries, anterior and 
posterior spinal arteries, dural veins and the spinal roots 
of accessory nerves [4, 5]. In babies with achondropla-
sia, the foramen magnum is significantly smaller than in 
individuals of average stature, and is further impacted by 
restricted growth in the first 2 years of life, and prema-
ture closure of the skull base synchondroses [6, 7]. This 
can result in a foramen magnum that is small and mis-
shapen leading to compression of the brainstem and spi-
nal cord (Fig. 1). There is evidence that this compression 
is linked to sleep apnoea and sudden death in infants [6, 
8]. Rates of mortality as a result of FMS differ in the lit-
erature, ranging from 2 to 7.5%, [3, 9] however there is 
agreement that as a consequence there is an increase in 
mortality in infants with achondroplasia compared to the 
general population [9–11].

Infants and younger children are at greater risk of FMS 
than older children or adults [12]. However, there is no 
specific recommendation in the American Academy of 
Pediatrics guidance to investigate for FMS after the age of 
one year, unless indicated by other signs of concern, or in 
the rare case of a late diagnosis [13]. General consensus 
among experts in the field is that FMS is a concern in the 
first 2–3 years of life, [6, 14, 15] and that it is a compli-
cation that may worsen or improve over time, warrant-
ing close monitoring [6, 16]. There is guidance that MRI 
should be undertaken as indicated throughout childhood 
[12, 13]. implying that the risk of FMS is not limited to 
infancy.

In a retrospective review of the routine scans of 36 
infants with achondroplasia, only two showed no clini-
cal signs of narrowing of the foramen magnum, implying 
that there is some degree of narrowing in the majority of 
infants, with serious narrowing occurring in up to 50% 
[17].

Cervicomedullary decompression is the standard inter-
vention for foramen magnum stenosis, [6, 14] however, 
reported rates of the procedure vary widely [6, 11, 15, 18] 
and it is unclear how many infants will require the inter-
vention and at what age [14] In a study from Cheung et 
al. assessing the incidence and severity of FMS using the 
Achondroplasia Foramen Magnum Score, 25% of infants 
(9/36) required neurosurgery [17]. Decompression sur-
gery is invasive and carries risk, so the overdiagnosis of 
this complication without guidance from specialists in 
the management of foramen magnum stenosis in achon-
droplasia can be problematic and can lead to unnecessary 
surgery and associated complications [17].

The European Achondroplasia Forum
The European Achondroplasia Forum (EAF) is a network 
of specialists in achondroplasia management and patient 

Fig. 1 A case of an asymptomatic infant with achondroplasia a) as a new-
born and b) at 4 months with neurological signs, foramen magnum steno-
sis and spinal cord compression, Fornarino Grade 3 [5]
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advocates working in collaboration, with the overall aim 
of improving care for individuals with achondroplasia. 
Led by a Steering Committee comprised of clinical genet-
icists, paediatric endocrinologists, orthopaedic surgeons, 
paediatricians, a specialist in adult care, a neuropaedia-
trician, a sleep specialist, a neurosurgeon and a patient 
advocate, and representing 10 countries from across 
Europe and the Middle East, the EAF is representative of 
the achondroplasia clinical community in Europe.

Aims of developing guiding principles for the detection 
and management of FMS
The natural history of achondroplasia in infancy and 
childhood is well documented in the literature [2, 3]. Both 
the EAF Guiding Principles for Management [16] and the 
International Consensus Statement Group [12] advocate 
for close monitoring in the first 2 years of life to enable 
the provision of anticipatory and timely intervention. 

While there is agreement on the need for monitoring of 
foramen magnum stenosis, there is no clear guidance in 
the literature on the timing of regular monitoring, which 
assessments should be carried out and when regular 
screening for FMS should be ceased. The EAF aimed to 
achieve consensus on these factors, in a bid to provide a 
standardised best practice protocol for the detection of 
foramen magnum stenosis.

Developing guiding principles for detection and 
management of FMS
A literature search was carried out and the EAF Steering 
Committee was invited to submit suggestions for guid-
ing principles to address screening for FMS, indicators 
for intervention, the decision-making process to proceed 
with decompression, and management of untreated FMS 
in those who may not have been part of a routine screen-
ing programme. Five guiding principles were drafted for 
discussion at an EAF open workshop; an additional prin-
ciple was added during the discussion. Attendees were 
invited to attend the workshop via the EAF website, mail-
ing list and promotion through the Steering Committee 
and their network of contacts. The workshop was held 
virtually. The participants in the workshop discussed the 
draft guiding principles, assessed current practices, and 
scrutinised the guiding principles to improve and stan-
dardise the detection and management of FMS in indi-
viduals with achondroplasia.

The EAF open workshop was attended by 47 HCPs and 
five patient representatives from 17 countries worldwide. 
Each guiding principle was presented and scrutinised for 
content, wording, support from the literature or collec-
tive expert opinion. During discussion, it was established 
that an additional principle should be included to specifi-
cally cover MRI screening for FMS. Following discussion 
with the wider group, a draft principle was developed 
by the lead author (MI) and presented. Live anonymous 
voting was held to establish whether the six guiding prin-
ciples were agreed, and the level of agreement with each. 
The voting process adhered to the EAF Standard Oper-
ating Procedure for Developing Guiding Principles/Rec-
ommendations, [19] in which a majority of 75% in favour 
is needed to pass the principle at the first vote. Should 
75% not be reached, the text was revised, and a subse-
quent vote held requiring 70% in favour to pass. Should 
70% not be reached, text was revised, and a subsequent 
vote held requiring a majority of 66% in favour to pass, or 
the principle was rejected. On reaching the mandated % 
in favour to pass a proposal, anonymous voting was held 
on the level of agreement, ranging from 1, no agreement 
at all, to 10, strong agreement.

The agreed guiding principles are outlined in Table  1. 
The guiding principles covered (A) the routine clinical 
monitoring of infants and young children for FMS to 

Table 1 EAF guiding principles for the detection and 
management of foramen magnum stenosis
Item Guiding Principle Vote 

(%)
Level of 
agreement 
(mean; 
range)

A All infants should be monitored clinically 
for foramen magnum stenosis every 3–4 
months from birth to the age of 1 year, 
thereafter every 3–6 months until the 
age of 3 years. After the age of 3 years, 
monitoring for foramen magnum steno-
sis should be based on individual need 
and local protocols

100 8.4 (4–10)

B MRI imaging should be undertaken as 
routine monitoring for foramen magnum 
stenosis at 3–6 months of age and 
repeated according to findings in other 
routine assessments

89 7.9 (2–10)

C Where signs of compression are ob-
served on screening, infants should be 
referred as soon as possible to a neuro-
surgery specialist in a centre experienced 
in the management of achondroplasia

97 7.6 (1–10)

D The decision to decompress the fora-
men magnum should be made using 
a combination of clinical, neurological 
and imaging assessments, evaluated by 
a neurosurgical specialist experienced in 
the management of achondroplasia

93 8.9 (5–10)

E The decision to proceed to decompres-
sion of the foramen magnum should be 
made jointly by a neurosurgeon experi-
enced in achondroplasia, the individual’s 
family and the wider multidisciplinary 
team

96 8.4 (2–10)

F Older children and adults with previously 
undetected foramen magnum stenosis 
should be managed on an individual 
basis by the multidisciplinary team

96 8.3 (5–10)
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the age of 3 years, (B) the timing of routine MRI screen-
ing, (C) the referral of suspected FMS to a neurosurgical 
specialist in achondroplasia when signs of compression 
are identified, (D) the combination of assessments that 
should be evaluated by a neurosurgical specialist to 
inform the decision to decompress the foramen mag-
num, (E) the joint decision making process to proceed 
with decompression, and (F) the management of older 
children in whom previously undetected FMS is identi-
fied. After scrutiny and some amendments to the word-
ing, all six guiding principles achieved the ≥ 75% majority 
needed to pass the principle (range 89–100%), with high 
levels of agreement (range 7.6–8.9).

A. All infants should be monitored clinically for 
foramen magnum stenosis every 3–4 months from 
birth to the age of 1 year, thereafter every 3–6 
months until the age of 3 years. After the age of 3 
years, monitoring for foramen magnum stenosis 
should be based on individual need and local 
protocols.

A lack of clarity was identified around the word “moni-
tored”, with some people interpreting this as monitoring 
by MRI, and some as clinical monitoring. The possibil-
ity of MRI every 2–3 months was considered excessive 
by both HCPs and PAG representatives, with consider-
able burden and stress on the families in scheduling an 
MRI, waiting for an appointment, potential use of general 
anaesthetic in infants, and subsequently waiting for the 
results. This burden is increased if the family are required 
to travel a large distance to attend a specialist centre. 
While clinical monitoring can identify indicators of FMS 
it was strongly advocated that MRI is a vital component 
in evaluating the presence and extent of FMS. Imaging 
was excluded from this principle to avoid any confusion 
that may arise around the word “monitoring”. A revision 
to the original wording of the principle specifically indi-
cated clinical monitoring. A new principle was drafted 
to address the MRI evaluation of FMS (see principle B 
below).

The American Academy of Pediatrics suggest that 
infants with achondroplasia be assessed for craniocer-
vical junction risk as soon as they receive a diagnosis, 
with assessments including taking of neurologic history 
and examination, polysomnography (PSG), and imaging 
[13]. There are a wide number of assessments that can be 
used as part of coordinated monitoring for FMS: clinical 
examination for assessment of tonus, clonus, asymme-
try, including early hand preference, head circumference, 
developmental delays, and general well-being; [4] sleep 
studies to assess for central and obstructive sleep apnoea, 
although the link between results of PSG and presence of 
FMS is unclear; [20, 21] somatosensory evoked potentials 
to evaluate sensory nerve response which can be indica-
tive of FMS; [5] and regular neurological evaluation [12].

White et al. recommend that comprehensive history 
and physical examination are carried out every 2 months 
as part of screening for FMS, [4] while Savarirayan et al. 
recommend regular evaluation every 2–4 months ini-
tially, then every 3–6 months depending on medical con-
cerns [12]. It was agreed during the EAF workshop that 
clinically monitoring for FMS is feasible at a frequency of 
every 3–4 months. Indeed, it was suggested that infants 
without achondroplasia are often reviewed by an HCP 
every 3–4 months in their first year of life, so assessing 
for indicators of FMS at this frequency adds no extra bur-
den. Evidence and natural history suggest that the risk of 
severe complications from cervicomedullary compres-
sion is greatest in the first 2 years of life, and that the risk 
decreases as the child ages. Savarirayan et al. recommend 
that close clinical monitoring is maintained at least to the 
age of 3 years [12]. As such, the EAF propose monitoring 
every 3–4 months during the first year, then every 3–6 
months to the age of 3 years.

B. MRI imaging should be undertaken as routine 
monitoring for foramen magnum stenosis at 3–6 
months of age and repeated according to findings 
in other routine assessments.

While regular clinical evaluations are a key component 
of monitoring for FMS, and can provide vital clues to a 
potential problem, there are data to suggest that clinical 
examination alone may not be sufficient to detect FMS 
[6, 17]. Cheung et al. found that of 36 infants screened 
using MRI, only two (5.6%) had no evidence of FMS [17]. 
In addition, only two had abnormal neurological findings; 
it was found that cardiorespiratory sleep studies and clin-
ical examination would have failed to detect five infants 
(27%) with the most severe compression (Achondroplasia 
Foramen Magnum Score [AFMS] 3–4) [17]. Indeed, 18 of 
58 patients (31%) screened in another study had severe 
cranial stenosis using a scoring system from 0 to 4 [5].

An international consensus states that MRI is the pre-
ferred imaging modality to investigate cervicomedullary 
compression in infants and children with achondroplasia, 
[12] and many centres now routinely screen with MRI 
during the first year of life. However, there is no univer-
sally agreed standard of screening for foramen magnum 
stenosis, [6] and consensus statements vary in relation to 
when to screen [4, 12].

MRI is a vital component in the assessment of infants 
for FMS and screening should be part of routine moni-
toring. The American Academy of Pediatrics propose 
the inclusion of MRI as part of a combination of assess-
ments including neurologic history, clinical examination, 
and PSG [13]. This approach enables the capturing of all 
potential indicators for FMS, including those that may 
only be detected on MRI.

There is little in the literature regarding the opti-
mal images to best determine the extent of FMS; which 
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precise images are needed, and in what positions. System-
atic sagittal T2 images, as well as axial/transverse images 
may be preferable, although these may not be available in 
all centres/countries [20]. Positioning of infants during 
MRI to capture clear images may be achieved by admin-
istering a general anaesthetic, however, the use of general 
anaesthesia can be a concern for some families (it should 
be noted that the use of anaesthesia in this instance 
should be carried out by anaesthetists experienced in 
achondroplasia). The alternative option is sleep depriva-
tion followed by the ‘feed and wrap’ technique, which is 
potentially feasible up to the age of 6 months [17]. There 
is argument for whether the degradation in images using 
this technique outweighs the concerns for the use of gen-
eral anaesthetic.

There are scoring systems available to support the 
interpretation of MRI imaging which categorise what 
is observed on MRI [5, 17, 22]. Interpretation of MRIs 
should be made by someone specialised in achon-
droplasia alongside clinical findings. Technical fine 
measurements on MRI of posterior and cranial fossa, 
supratentorial ventricular volume and cranio-cervical 
junction can also be beneficial to establishing a full 
understanding of the MRI results. Calandrelli et al. dem-
onstrated a relationship between ventriculomegaly and 
shortening of the clivus, in addition to premature closure 
of the posterior cranial fossa synchondroses and shape 
and direction of growth of the supraoccipital bone, con-
tributing to reduction of the foramen magnum [23].

The optimal timing of MRI is also unclear from the 
literature and there are questions as to whether an MRI 
early in life in addition to one slightly later may be benefi-
cial as a routine procedure to monitor change in the fora-
men magnum. There is concern that if MRI is carried out 
too early in an infant’s life the maximum extent of steno-
sis will not be observed, as it can progress over time. As 

mentioned above, routine, repeated MRIs during the first 
year were considered burdensome to families, so the con-
sensus was that one routine MRI should be undertaken 
at 3–6 months of age, with repeat MRIs taken when 
indicated by findings from other assessments, as recom-
mended in the literature [4, 12].

C. Where signs of compression are observed on 
screening, infants should be referred as soon 
as possible to a neurosurgery specialist in 
a centre experienced in the management of 
achondroplasia.

When signs of compression are observed, infants should 
be referred to neurosurgical colleagues with experience 
in the management of achondroplasia. It was agreed 
that clinicians in primary or secondary care, and general 
neurosurgeons would not have the knowledge of achon-
droplasia required to accurately evaluate any signs of 
compression, or to plan the next stages of management. 
There are concerns that interpretation of MRI and clini-
cal indicators of compression by those not experienced in 
achondroplasia may lead to overtreating and unnecessary 
procedures.

Signs of compression should then be assessed by a neu-
rosurgeon experienced in the management of achondro-
plasia [12, 13]. Ensuring that infants are seen by the right 
people, in the right environment is crucial to enable opti-
mal management.

A range of assessments are necessary to indicate the 
need for intervention in an infant with FMS, including 
those outlined above (clinical, neurological, MRI, PSG). 
The signs of compression on clinical examination that 
should raise concern and prompt referral to a neurosur-
geon specialist in a centre experienced in the manage-
ment of achondroplasia include hypotonia, hyperreflexia 
and sustained ankle clonus, asymmetric reflexes, rapid 
head growth and significant developmental delay [13] 
(Table  2). Apnoea and hypopnea can be a sign for con-
cern, as can hypoxic episodes with oxygen desaturation. 
Interpretation of PSG data by a sleep specialist, experi-
enced in achondroplasia is key.

The literature recommends repeat MRI when indicated 
by other assessments [4, 12, 13]. MRI scoring systems can 
be beneficial, although expert interpretation in the con-
text of other results is still required. For example, a score 
of AFMS 4 is a clear indicator for intervention, whereas 
there is a degree of subtlety in AFMS 2–3b which require 
consideration as part of a breadth of investigations [17]. 
All signs of compression need to be carefully assessed 
by a neurosurgical specialist, in the context of the wider 
clinical picture to enable accurate evaluation.

D. The decision to decompress the foramen magnum 
should be made using a combination of clinical, 
neurological and imaging assessments, evaluated 

Table 2 Factors that may indicate cord compression that should 
trigger consideration of referral to a neurosurgery specialist 
experienced in the management of achondroplasia
Type of assessment Assessment
Neurological • Hyperreflexia or persistent clonus

• Asymmetric reflexes, early hand 
preference
• Increased head circumference, 
beyond achondroplasia-specific 
growth charts
• Hypotonia
• Irritability
• Developmental delay, beyond 
achondroplasia-specific develop-
mental charts

Neuroimaging • Evidence of cord compression on 
MRI

Respiratory • Evidence from polysomnography 
of central apnoea
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by a neurosurgical specialist experienced in the 
management of achondroplasia.

In alignment with Principle C, the clinician evaluating 
assessments to inform decision making for decompres-
sion should be a neurosurgical specialist. It was empha-
sised, in line with international guidance, [12] that the 
neurosurgeon carrying out foramen magnum decom-
pression must be experienced in performing this proce-
dure in paediatric patients with achondroplasia.

Rates of cervicomedullary decompression vary widely 
between centres. Analysis of a US database found a 
range of decompression rates from 4.6 to 43% [14]. Some 
guidance is given in the literature, but there is no clear 
criteria for when cervicomedullary decompression is 
indicated [6]. Among other indications, White et al. 
states that decompression is indicated in the presence of 
significant stenosis and correlative changes in polysom-
nography and/or pathological neurologic examination, 
as well as in MRI-defined FMS in instances where there 
are spinal cord changes [4]. This is echoed in the proto-
col adopted by Cheung et al. when assessing the AFMS, 
[17] while Savarirayan et al. propose a wider indication 
of symptomatic children with cervicomedullary com-
pression, with or without MRI signal change in the spinal 
cord [12]. What is clear from the literature is that there 
are many instances in which decompression may be indi-
cated, and that each situation must be assessed on an 
individual basis.

The decision to proceed to decompression is complex 
and requires a combination of multidisciplinary assess-
ments to ensure an accurate evaluation of the indicators, 
including clinical and neurological evaluation, MRI and 
PSG [4, 12]. No single indicator for decompression sur-
gery should be used in isolation to make the decision to 
proceed, [4, 13] and the absence of specific indicators 
should not rule out surgical intervention [12, 17]. Use 
of scoring systems including the AFMS for MRI results, 
[17] and the adjusted developmental milestones tool for 
clinical assessment can be helpful in the decision-making 
process [24]. There are many permutations to each indi-
vidual situation that need to be considered prior to pro-
ceeding to decompression.

E. The decision to proceed to decompression of the 
foramen magnum should be made jointly by a 
neurosurgeon experienced in achondroplasia, 
the individual’s family and the wider 
multidisciplinary team (MDT).

This principle was widely accepted, with little require-
ment for discussion and no changes to the wording. As 
has been discussed above, and is supported by the litera-
ture, a neurosurgical team experienced in decompression 
of the foramen magnum in achondroplasia are vital to the 
decision-making process whether to proceed to surgery, 
[12] however, this decision cannot be taken in isolation. 

Achondroplasia is a lifelong condition requiring lifelong 
management by an experienced MDT, and decisions 
around management should be made in the MDT set-
ting jointly with the person with achondroplasia and/or 
their family [16]. Evidence suggests that patient/family 
involvement in decision-making can improve patient sat-
isfaction, confidence and clinical outcomes [25–27]. As 
the patients are infants, the involvement of the family in 
understanding the reasons for decompression and in the 
decision-making process is crucial.

F. Older children and adults with previously 
undetected foramen magnum stenosis should be 
managed on an individual basis by the MDT.

Foramen magnum stenosis in older children and adults 
is rare; it is not known how many individuals have pre-
viously undetected or untreated FMS. As such, it was 
agreed that local protocols are unlikely to exist, and that 
it was preferable to direct individuals to the MDT, rather 
than suggest centres develop protocols for this situation.

While recent advances in screening protocols will help 
to identify FMS in those who have access to screening, 
there will be children who were not routinely screened in 
previous years. MRI is often requested before a surgery, 
such as orthopaedic or ENT procedures. It was noted 
that MRI scans done later in life, in those who had never 
undergone decompression surgery, may show myelopa-
thy in the presence of a more spacious foramen magnum. 
This suggests that the foramen magnum was more nar-
row relative to the cord in the past to a degree that may 
have resulted in significant cord compression. However, 
more data are needed to clarify the relationship between 
myelopathy and foramen magnum stenosis in this 
uncommon situation. One Steering Committee mem-
ber with extensive experience of reviewing full spinal 
MRIs prior to limb lengthening, commented that FMS in 
7–10-year-olds is extremely rare, however, several clini-
cians were aware of individuals with untreated foramen 
magnum stenosis. Interestingly, different reasons were 
provided as to why these cases had not been treated, 
including delayed diagnosis and/or lack of screening at a 
previous centre, presentation before screening was rou-
tinely undertaken, signal intensity abnormalities of the 
cervical spine but lack of other symptoms, or that poli-
cies were not in place for this specific issue.

There is limited data on FMS in older children, and 
more is needed. MRI scans across age groups would be 
beneficial to define different growth patterns of the fora-
men magnum, identify key signs for concern and enable 
risk stratification. With children now in clinical trials 
and longer-term data available, there is potential to cap-
ture natural history data while they are receiving rou-
tine MRIs as part of a trial protocol [28]. Understanding 
the development of FMS over time in children with no 
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clinical complications, may help to identify which chil-
dren should be routinely screened for longer than 2–3 
years.

Other gaps in our knowledge are the risk factors and 
red flags for FMS after the age of 2–3 years. It is recog-
nised that myelopathy may be evident on MRI scans in 
older children in the absence of clinical signs of FMS, [5] 
however, it is unclear whether myelopathy indicates the 
need for decompression in older children if there is no 
recent aggravation on neurological clinical signs. More 
data is needed on this subject to enable detailed recom-
mendations to be made; a consolidation of the cases and 
clinical experience would also provide some insights into 
this rare situation.

Recent international consensus recommendations do 
not contain any specific recommendations for children 
who have stenosis but were not treated in the past. This 
underlines the need for guidance from the EAF. It was 
widely agreed that while no recommendations exist for 
previously undetected FMS in older children, neurologi-
cal signs of concern should indicate further investigation. 
As these instances are likely to be rare, each person pre-
senting with previously undetected FMS should be man-
aged on an individual basis by an MDT, per EAF guiding 
principles [16].

Conclusions
In developing the guiding principles for the detection 
and management of foramen magnum stenosis, the EAF 
aimed to provide clarity to existing recommendations 
on monitoring protocols, appropriate assessments, and 
actions on identification of indicators of concern in rela-
tion to foramen magnum stenosis either in infants, or in 
the rare cases presenting after 2 years of age. All those 
involved in developing the guiding principles and in the 
consensus gathering process are highly knowledgeable 
about achondroplasia and the management of its com-
plications, including foramen magnum stenosis, with 
specialists in European reference centres in attendance. 
While these principles may be relevant to other condi-
tions in which foramen magnum stenosis is a consider-
ation, they were developed specifically for the occurrence 
in individuals with achondroplasia. The principles were 
developed with the aim of providing guidance that can 
be applied in all healthcare systems, alongside existing 
recommendations and country, regional and centre pro-
tocols. It is hoped that by improving clarity around the 
detection and management of FMS, infants and young 
children will receive optimal monitoring for this poten-
tially life-threatening complication ensuring those who 
need cervicomedullary decompression receive it in a 
timely manner, and that the issue of overtreating can be 
mitigated. These principles will be revisited in future to 

ensure they remain relevant among a changing clinical 
and treatment landscape.
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