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Introduction

Genetics/pathophysiology

Achondroplasia is the most common form of inherited dis-
proportionate short stature with full penetrance caused by 
an autosomal dominant gain-of-function mutation in fibro-
blast growth factor receptor 3 (FGFR3).1 This germline 
missense mutation results in ligand-independent activation 
of FGFR3 and its signalling pathways, with subsequent 
inhibition of chondrocyte proliferation and differentia-
tion.2,3 Other types of skeletal dysplasias are associated 
with missense mutations in FGFR3, ranging from mild, 
such as hypochondroplasia, to severe, such as severe 
achondroplasia with developmental delay, acanthosis 
nigricans syndrome or thanatophoric dysplasia, depending 
on localisation within the tyrosine kinase domain.3

Longitudinal bone growth not only requires bone elonga-
tion by chondrocyte proliferation and hypertrophy but also 
elongation of the perichondrium and periosteum.4 In the endo-
chondral bone, FGFR3 is expressed in the resting and 

proliferating zones of the growth plate and negatively regulates 
the proliferation and differentiation of chondrocytes when acti-
vated.5,6 FGFR3 activation and its subsequent pathways lead to 
the inhibition of terminal hypertrophic differentiation of 
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Achondroplasia, the most common form of inherited disproportionate short stature, is caused by mutations in 
the fibroblast growth factor receptor 3 gene. The typical clinical features of achondroplasia include short stature, 
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developments with improvements in growth and potentially other effects, the timing and algorithms of orthopaedic 
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height is the primary research focus in medical therapy, it is crucial to comprehensively assess orthopaedic parameters 
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chondrocytes, thus inhibiting endochondral ossification.4 In 
calvarial mesenchymal or periosteal cells, no expression of 
FGFR3 was detected; therefore, these structures were not 
affected by the mutations.6,7

Clinical features

The typical clinical features of achondroplasia include 
short stature, rhizomelic disproportion, macrocephaly, 
midfacial retrusion, joint hyperlaxity, thoracic kyphosis 
and bony deformity of the upper and lower limbs.

Although body length at birth can be normal, linear 
growth is severely decreased in achondroplasia. The mean 
final standing height was approximately 130 cm in males 
and 125 cm in females with achondroplasia.8

Upper extremity deformities include hand abnormalities 
(short fingers and trident hand configuration), dispropor-
tion and a lack of elbow extension. Lower limb deformities 
include axis deviations, particularly varus deformities, 
maltorsion, hip flexion contracture, knee hyperextension 
and ligamentous instability.8 Furthermore, disease-specific 
anatomical variants of the joints and other musculoskeletal 
areas have been described, especially in the spine, hip and 
knee. Lower limb shortening and deformity occur in all 
patients and consist predominantly of varus deformity of 
the legs, not only at the level of the knees (distal femur or 
proximal tibiae) but also at the ankle (distal tibiae), as well 
as internal maltorsion of the tibia/fibula. In many patients, 
ligamentous instability of the knee increases varus angula-
tion owing to an increased lateral joint space angle. Further 
presentations of lower limb deformities include tibial recur-
vatum (tibial slope) and overgrowth of the fibula in relation 
to the tibia, resulting in joint problems of the knee and 
ankle and subsequent gait deviations.

The notable spinal obstacles in this hereditary skeletal 
dysplasia include foramen magnum stenosis (FMS), gen-
eral stenosis of the spinal foramina, sagittal deformities, 
such as thoracolumbar kyphosis and increased sacral slope.

Disordered endochondral ossification resulting in prema-
ture fusion of the posterior elements, namely the pedicles to 
the vertebral body, at the level of the intervertebral disc, 
causes spinal dysplasia in achondroplasia.9 While spinal 
bony changes, consisting of short thickened pedicles, facet 
hypertrophy, thick laminae, narrow anteroposterior and 
transverse canal diameters, and narrowed lateral recesses and 
nerve foramina, are well established in achondroplasia,9,10 
MRI analysis of the thoracic and lumbar spine shows various 
additional soft tissue alterations. The thoracic segments 
resent increased thoracic kyphosis angles, increased verte-
bral disc height and reduced vertebral body height and canal 
width. Similar changes have been observed in the lumbar 
segments with the addition of reduced interpedicular dis-
tance, abnormal sacral slope and degenerative changes, such 
as ossification of the posterior longitudinal ligament, ossifi-
cation of the ligamentum flavum, osteoarthritis of the facet 
joints and intervertebral disc herniation.11,12

Overall, lower limb deformities lead to disease-specific 
kinematic and kinetic gait deviations in children with 
achondroplasia13,14 as they display a flexion pattern, espe-
cially at the hip, knee and ankle in the sagittal plane. 
Kinematics deviated in all three planes from the unaffected 
control group, showing an increased peak anterior pelvic 
tilt, increased peak ankle dorsiflexion, increased knee flex-
ion, increased peak hip abduction angle, increased peak 
knee varus angle during stance in the frontal plane and an 
increased range of motion in the pelvis. Increased external 
hip rotation and reduced tibial torsion are also observed. 
Walking speed is reduced, whereas cadence is increased in 
children with achondroplasia.14

Principles of management of 
achondroplasia

Interdisciplinary approach

Considering the multitude of possible paediatric, neuro-
logical, anaesthesiological and orthopaedic challenges 
during childhood, a multidisciplinary team plays a key 
role in the treatment of children with achondroplasia. 
Scheduling operations should involve close collaboration 
with other medical disciplines, as general anaesthesia 
may pose a risk for cervicomedullary compression or 
rather spinal cord ischaemia especially in younger chil-
dren, increased incidence of sleep apnoea (obstructive 
and/or central) and increased cardiovascular risk espe-
cially in young adults.15–18 Epidural anaesthesia is diffi-
cult because of spinal deformities, such as narrow spinal 
canal/stenoses, reduced epidural space, kyphoscoliosis 
and vertebral body deformities.19,20

The aforementioned perioperative complications 
should be considered, as well as an extensive preoperative 
evaluation in collaboration with paediatricians, otorhino-
laryngologists and neurologists. Cardiopulmonary prob-
lems, including restrictive lung disease, pulmonary 
hypertension and heart disease necessitate lung function 
testing, ECG, echocardiography and thoracic radiography. 
Paediatricians are involved in the examination of chronic 
and current respiratory infections because treatment before 
scheduled surgeries may be necessary. Otorhinolaryngology 
consultation is especially important in cases of sleep 
apnoea, in addition to sleep laboratory and blood gas anal-
yses. However, pre-existing neurological symptoms, such 
as hydrocephalus, cervicomedullary compression and spi-
nal canal stenosis, are closely monitored by neurologists or 
neurosurgeons and often require MRI evaluation and/or 
surgical intervention.21

In surgical and nonsurgical settings, specialised nurses 
(trained in bone disease) are the key to good patient care, 
as patients often undergo deformity correction using 
external fixators. Further experience in this field is neces-
sary when supervising patients to prevent complications. 
Furthermore, rehabilitation centres specialising in 
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paediatric rare bone diseases are necessary to improve 
function, mobility and well-being in age-adjusted groups. 
Physiotherapy is crucial in achondroplasia, for example, 
in cases of kyphosis, delayed motor milestones and peri-
operative and postoperative care, especially during bone-
lengthening surgeries.

Another challenge in a multidisciplinary treatment set-
ting is monitoring and early detection of obesity in children 
and adults with achondroplasia. Obesity has been recog-
nised as a major health risk in achondroplasia due to the 
development of atypical visceral obesity, as it is believed to 
not only aggravate skeletal symptoms, such as lumbar spine 
issues, joint pain or lower limb deformity but also sleep 
apnoea and cardiovascular diseases. Thus, obesity should 
be treated as a chronic disease in patients with achondro-
plasia. Therefore, monitoring of macronutrients with 
respect to the total energy value, physical activity, growth 
and body proportions, as well as psychological support pro-
viding a feeling of emotional well-being and satisfaction 
with food, should be implemented as part of a health moni-
toring assessment protocol for achondroplasia.17,22

Movement and sports participation are important topics 
for many individuals with achondroplasia (e.g. world 
dwarf games or local sports clubs). However, universal 
recommendations for sports participation are critical. In 
the context of increased body mass index, lower limb 
deformities, disease-specific vulnerabilities (e.g. hyper-
laxity and FMS), multidisciplinary counselling, and fur-
ther mobility-focused research are necessary for adequate 
guidance.

A thorough understanding of the lifetime impact of 
achondroplasia is crucial for ensuring optimal patient care 
and preventing emerging disease-related complications. 
Regular assessment of quality of life (QoL), physical 
activity and pain in both adults and children is recom-
mended to properly evaluate the overall patient well-being. 
Adults present with significantly lower physical function 
scores than the general population,23 whereas their mental 
component scores remain similar. However, children dem-
onstrate not only reduced physical function scores but also 
delayed independence and a greater need for caregiver 
assistance, which may be attributed to the primary biome-
chanical and anatomical challenges in infants contributing 
to delays not only in reaching motor milestones but also in 
communication skill development.17,24 Furthermore, the 
burden of disease increases in cases of medical and surgi-
cal complications, especially in cases of musculoskeletal 
and connective tissue involvement and neurological or 
otorhinolaryngological disorders.24 Opposed to other skel-
etal dysplasias cervical instability is uncommon in 
achondroplasia.25

However, an increased risk of mortality in children and 
adults has been reported for several reasons. Foramen mag-
num stenosis resulting in cervicomedullary compression is 
associated with 50 times higher risk of sudden death in 

children aged below 5 years born with achondroplasia than 
in the general population and accounts for half of these 
excess deaths. The pathophysiological mechanisms of these 
events are believed to involve increased apnoeic events and 
decreased arousal responses. Sleep-disordered breathing 
remains a complication observed throughout the lifespan of 
patients with achondroplasia. In adults aged as early as 
25 years, an increased number of deaths associated with car-
diovascular events has been observed.17,26

In view of these considerations, even a simple ortho-
paedic procedure, such as guided growth, poses a chal-
lenge to orthopaedic surgeons and highlights the necessity 
for a multidisciplinary team for optimised patient care. 
This is even more evident in families that undergo repeated 
surgeries. Apart from extensive examinations by various 
medical disciplines before surgery, mental support in the 
form of psychological guidance allows for an efficient out-
come, as the patient/parents’ perspective can be considered 
when planning surgical interventions.

These disease-specific risks and complications empha-
sise the importance of optimised multidisciplinary patient 
care. Modern orthopaedic management of achondroplasia 
(and other diseases with short stature as the main clinical 
presentation) in a multidisciplinary setting, starting at 
birth, needs to primarily focus on the QoL, improvement 
of overall health, daily function, prevention of chronic dis-
eases and patient-preferred treatment goals. The impact of 
the final standing height on the QoL of patients with 
achondroplasia remains unclear and requires further inves-
tigation.24 Furthermore, in a study conducted by Maghnie 
et al.24 parents of patients with achondroplasia reported 
worse QoL of their children than the children themselves. 
These authors state that there is a need to be cautious when 
using parent-reported scores.24

In our opinion, this also underlines the ethical dilemma 
in decision-making regarding surgical approaches in chil-
dren with achondroplasia, especially considering length-
ening procedures. There is no international consensus 
available on ethical decision-making in this regard.

The involvement of local patient organisations in the 
adaptation of clinical practice guidelines and scientific set-
tings (study design) is recommended to respect patients’ 
and parents’ perspectives, which can differ significantly 
depending on culture/country values.

Guidelines for multidisciplinary management27,28 need 
to be updated regularly to comprehensively guide the com-
plexity of this rare disease and include new developments 
and medical achievements.

Advances in medical treatment

FGFR3 mutation in achondroplasia results in aberrant 
FGFR3 signalling, promoting sustained activation of 
extracellular signal-regulated (ERK) mitogen-activated 
protein (MAP) pathways, activation of signal transcription 
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pathways, remodelling of the chondrocyte cytoskeleton 
and interaction with autophagosome proteins, which, in 
turn, leads to inhibition of proliferation and differentiation 
of chondrocytes during endochondral growth, a reduction 
in hypertrophic chondrocytes, a loss of extracellular matrix 
and premature apoptosis. Drugs currently in clinical trials 
for the treatment of achondroplasia affect the aberrant 
FGFR3 pathway by neutralising FGF ligands (recifercept, 
RBM-007), inhibiting FGFR3 catalytic activity (infigra-
tinib) and directly (meclozine) or indirectly (stable 
C-natriuretic peptide (CNP) ligands) inhibiting the RAS-
ERK pathway. CNP and its receptor, natriuretic peptide 
receptor B (NPR-B), play key roles in the regulation of 
longitudinal bone growth by inhibiting the mitogen-acti-
vated protein kinases (MAPK) pathway via protein kinase 
G2-mediated inhibitory phosphorylation of rapidly accel-
erated fibrosarcoma proto-oncogene 1 (RAF-1). NPR-B 
binding increases chondrocyte proliferation and differen-
tiation at the physis stage owing to indirect inhibition of 
the FGFR3 pathway at RAF-1 level. Unfortunately, wild-
type CNPs are degraded by neutral enteropeptidase within 
2 min of circulation, thus initiating the development of 
resistant CNP, namely BMN111, for proteolytic degrada-
tion due to N-terminal polyethylene glycol (PEG)ylation. 
In mice, the administration of this drug increased both 
axial and appendicular bone lengths and prevented the 
development of skeletal malformations associated with 
achondroplasia, such as skull flattening and bowing of the 
lower limbs.29 Because clinical studies have shown prom-
ising results regarding growth velocity with good toler-
ance to the drug, BMN111 was registered as a vosoritide 
(Voxzogo) and approved by the European Medicines 
Agency (EMA) in 2021 for the treatment of children with 
genetically confirmed achondroplasia aged 2 or older by 
once-daily subcutaneous injection.3 Voxzogo has since 
been approved by the EMA for use in younger patient pop-
ulations and is now available for treatment in children as 
young as 4 months of age.

Apart from vosoritide, two additional variants of CNP, 
TransCon CNP and ASB20213, have been developed and 
approved for phase 2 and preclinical testing, respectively; 
however, no clinical results are yet available. TransCon 
CNP (conjugated to a PEG carrier via a cleavable linker) 
provides sustained systemic CNP levels upon weekly sub-
cutaneous administration, resulting in greater stimulation 
of bone growth in a mouse model than intermittent levels 
of systemic CNP. The second CNP variant ASB20123 also 
stimulates skeletal growth in mice and has shown improved 
plasma half-life and retention in the physis compared to 
wild-type CNP.29

Meclozine, a histamine receptor antagonist, is an 
FDA-approved treatment for symptomatic motion sick-
ness and is currently being evaluated in various clinical 
trials for multiple uses. It prevents ERK activation in the 
FGFR3-RAS-ERK pathway via the upstream kinase 

MAP kinase. In mice, meclozine administration improved 
bone volume and metaphyseal trabecular bone quality, 
increased body length, and reduced abnormalities in the 
long bones, cranium and vertebrae. This resulted in the 
approval of phase 1 clinical trials.29

Infigratinib, an FGFR3 tyrosine kinase inhibitor, inter-
feres with adenosine triphosphate binding, resulting in the 
inhibition of the catalytic activity of FGFR3. In cultured 
chondrocytes and embryonic limb explants, inhibition of 
FGFR3 phosphorylation leads to the restoration of growth 
defects, rescue of growth arrest and impaired hypertrophic 
differentiation. It is currently approved for phase 2 clinical 
trials.29

These new developments in the potential medical treat-
ment of achondroplasia underline the importance of a mul-
tidisciplinary approach with up-to-date paediatric 
treatment and surveillance. In addition to the important 
roles of paediatric endocrinologists and geneticists, many 
other disciplines are necessary to provide state-of-the-art 
therapy settings.

Orthopaedic management

The Achondroplasia Natural History Study (CLARITY) 
is the largest study reporting retrospective historic 
orthopaedic data of 1374 patients with achondroplasia 
from four centres. According to this study, 29.7% of 
patients underwent at least one orthopaedic intervention 
in the lower limbs or spine during their lifetime (spine 
surgery (12.7%) and lower extremity surgery (21.2%)). 
Malalignment was the primary reason for initial 
intervention.30

Spine

Foramen magnum stenosis. The base of the skull is formed 
by endochondral ossification and is therefore affected by 
FGFR3 mutation. This results in stenosis of the foramen 
magnum and subsequent cervicomedullary compression, 
contributing to morbidity and mortality in children with 
achondroplasia due to apnoea and sudden unexpected 
death. Presenting clinical symptoms consist of breathing 
difficulties, snoring, apnoea, lower cranial nerve dys-
function, swallowing problems or neurologic findings 
such as hyperreflexia, muscular weakness, paresis or clo-
nus. Despite the narrowing of the cervicomedullary junc-
tion, most children develop normally and do not require 
surgical intervention; however, mortality due to FMS has 
been reported in 2%–5% of the patients with achondro-
plasia.31 A sleep study is recommended immediately 
after the diagnosis of achondroplasia is established fol-
lowed by an MRI imaging of the cranio-cervical junc-
tion. In most of the patients, symptomatic FMS is 
commonly treated in the first 2 years of life; however, 
some of the patients develop symptoms later in life. 
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Treatment consists of surgical widening of the foramen 
magnum and upper cervical laminectomy with or without 
duraplasty.

Indications for Cervicomedullary decompression 
(CMD) are as follows:

-  FMS with cord signal changes on MRI (myelopa-
thy), especially when lack of cervicospinal fluid 
flow anterior to the spinal cord in neutral or flexion 
head position is present

-  FMS with intracord lesions combined with abnor-
mal neurological findings, such as central sleep 
apnoea, difficulty swallowing, hypertonia, paresis 
or clonus.32,33 Resolution of symptoms was reported 
in 91% of patients after CMD; however, complica-
tion rate remains relatively high (21% – general 
complications, 9% – reoperation and 2% – periop-
erative mortality).34

Spinal stenosis. Spinal canal stenosis is observed in approx-
imately 25% of the patients with achondroplasia. Initial 
evaluation is done using native X-rays with decreased 
interpedicular distance being a characteristic finding. In 
the presence of typical clinical symptoms such as neuro-
logic claudication, back pain and sciatica, an MRI evalua-
tion is advocated.11 Most recently, imaging modalities 
have been well defined.35 Surgical treatment is usually 
indicated in symptomatic cases comprising of posterior 
multilevel spinal canal and neuroforaminal decompression 
in combination with posterior spinal fusion to avoid the 
risk of postlaminectomy instability.36–38 Excellent results 
with resolution of symptoms in 95% of the patients have 

been reported; however, 17% complication rate and 18% 
reoperation rate have been observed.34

Thoracolumbar kyphosis (TLK). TLK is a common finding 
in 80%–90% of newborns with achondroplasia. The 
deformity appears accentuated in the sitting position due 
to trunk muscle hypotonia in combination with head over-
size (Figures 1 and 2). Unsupported sitting should be 
restricted in children <1 year of age to avoid worsening of 
TLK. Spontaneous resolution of TLK is observed in most 
of the patients during infancy as a result of increasing 
trunk control and ability to ambulate, with the reported 
incidence decreasing from 87% at age 2% to 11% at age 
10 years old.39 Recent studies report the positive influence 
of independent ambulation ability on TLK which resolved 
in 15% of the cases at walking age and in 58% 1 year after 
ambulation was achieved.40 Further continuous improve-
ment of TLK during growth was well documented in 64% 
of the patients post walking, 74% at 5 years and 88% of 
the cases at 10 years of age.41 Persistent TLK into adult-
hood was reported in 10%–30% of the patients.40,41 The 
most important negative factors for persistent TLK are 
apical vertebral translation, apical vertebral wedging and 
developmental delay during growth.

Evidence-based treatment protocols for persistent TLK 
in achondroplasia patients are not available but close mon-
itoring of asymptomatic paediatric patients with mild to 
moderate persistent kyphosis between 20° and 40° Cobb is 
recommended. The benefit of brace treatment in children 
with achondroplasia is not clearly proven; however, it has 
been postulated that the progression of kyphosis could 
potentially be slowed, and even additional correction can 

Figure 1. Three-year-old female with achondroplasia: (a) persistent lumbar kyphosis despite improvement of muscular trunk 
stability, (b) radiograph with a brace (note: severe lumbosacral lordosis with and without brace) and (c)–(e) clinical picture with a 
brace.
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be promoted by early bracing. Even if the role of bracing 
remains unclear, it should be discussed as a treatment 
option especially in children with developmental motor 
delays since this is one of the factors negatively influenc-
ing spontaneous TLK improvement. Brace wear can be 
discontinued when no further correction under brace ther-
apy is observed and after the formation of an edge-shaped 
anterior vertebral body.42

Surgical correction for persistent TLK should be con-
sidered in children with TLK >50° Cobb after 5 years of 
age since further spontaneous improvement is not to be 
expected.42,43 Surgical correction is indicated in cases of 
anterior, symptomatic spinal cord compression even if 
TLK measures less than 50° Cobb.40

The aims of surgery for TLK are neurological improve-
ment/preservation, deformity correction and stop of pro-
gression. Since the anterior portion of the vertebral body is 
very underdeveloped and the spinal canal is narrowed with 
predominant anterior spinal cord compression surgical 
techniques limited to the posterior vertebral elements such 
as Ponte osteotomies are not adequate to sufficiently cor-
rect kyphosis and decompress the spinal cord. Therefore, 
circumferential decompression is necessary, which can be 
achieved by pedicle subtraction osteotomy (PSO) and 

vertebral column resection (VCR). However, there are 
some limitations with PSO since segmental sagittal correc-
tion averages 35° Cobb and the posterior-only vertebral 
shortening with anteriorly located hinge may result in spi-
nal cord ‘kinking’, limiting the indication for PSO for 
cases with moderate kyphotic deformity <50° Cobb. 
VCR, although technically demanding is the preferred sur-
gical technique for severe deformities since it provides a 
wide circumferential decompression of the spinal canal 
without the need for posterior shortening. Furthermore, 
segmental correction of >50° Cobb in the sagittal as well 
as in the coronal plane if necessary is possible.44

Overall, planning surgical interventions for the lower 
limbs requires prior assessment and accurate integration of 
the spinal deformities in achondroplasia.

Severe lumbar hyperlordosis and extensive changes in 
the sacral slope are common spinal deformities in achon-
droplasia. Many aspects of the development of these spinal 
changes are compensatory; however, the exact interaction 
between pelvic and spinal parameters remains unclear and 
the relationship between hyperlaxity, muscular hypoten-
sion and specifically lower limb deformities (e.g. hip 
extension deficit and knee hyperextension) needs to be fur-
ther examined.45,46

Figure 2. Symptomatic, thoracolumbar kyphosis and scoliosis in a 16-year-old patient with achondroplasia (a) and (b). Follow-up 
1 year after posterior decompression, PSO L1 and posterior fusion Th8-L3 (c) and (d).



Mindler et al. 467

Upper extremity

Deformities of the upper extremity, such as elbow flexion 
deformity, posterior bowing of the distal humerus, radial 
head deformity and/or dislocation, limited supination or 
pronation, cubitus varus and short ulna, are often observed 
in patients with achondroplasia. A positive correlation 
between 20° or more posterior bowing and flexion defor-
mity has been reported previously.16 Despite these limita-
tions, surgical intervention is rarely indicated, apart from 
humeral lengthening due to reaching problems, especially 
in cases of reduced independence during personal hygiene8 
(Figures 3 and 4). When considering humeral lengthening, 
flexion deformity of the distal humerus should be consid-
ered and addressed accordingly.47

Unilateral or multiaxial external fixators can be used 
efficiently for humeral lengthening and angular and rota-
tional deformity correction. However, circular fixators may 
be preferred in cases of severe deformity.48,49 The lengthen-
ing of long bones can improve the overall proportion.

Although upper limb bone lengthening is known for its 
high complication rate,50,51 humeral lengthening has been 
described to have an important role in the management of 
achondroplasia compared to lower limb lengthening.52

Laufer et al.51 reported an improvement in self-reported 
scores after bilateral humeral lengthening, despite a high 
complication rate.

Although altered knee anatomy in achondroplasia has 
been described in studies using MRI or arthroscopy53,54 
and hip anatomy has been studied using ultrasound,55 there 
are no detailed data (other than X-rays) on anatomic 
changes of the joints in the upper limb and whether possi-
ble anatomic changes of the shoulder, elbow and wrist 
have an impact on osteoarthritis, pain or function in achon-
droplasia.56 Considering the high incidence of elbow con-
tractures in achondroplasia,8 predominantly occurring 
between the ages of 4 and 8 years,47,57 structural analysis of 
anatomical structures could be helpful for treatment con-
siderations, such as humeral lengthening.58

Lower extremity

Although genu varum is among the main clinical charac-
teristics of achondroplasia, with reported rapid progres-
sion during childhood and affecting most adults, research 
regarding its natural history and prevalence is sparse. 
Currently, there are no consensus-based guidelines avail-
able regarding the surgical correction of genu varum, spe-
cifically when to operate, which type of surgery is preferred 
and what to expect from these procedures regarding func-
tion, pain and QoL.17

A shift from osteotomies to minimally invasive tech-
niques for the surgical treatment of malalignments has 
been reported in patients with achondroplasia.30 During 

Figure 3. Ten-year-old female with achondroplasia and functional limitations due to shortening in the upper extremities. Bilateral 
simultaneous humeral lengthening of 8 cm was performed using an Orthofix© mono-lateral fixator.
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childhood, specific lower limb deformities in achondro-
plasia can be treated minimally invasively with guided 
growth if planned adequately. Owing to reduced growth 
in achondroplasia, these guided growth procedures need 
to be performed considerably earlier. Children who 
require coronal plane deformity correction and are 
younger than 10 years at the initial guided growth surgery 
can be successfully treated with hemiepiphysiodesis, with 
an average treatment time of approximately 2 years.59,60 
However, children older than 10 years require a longer 

correction and implantation time of tension-band plates of 
approximately 3 years and full deformity correction may 
not be achieved.60,61

Although surgical interventions for achondroplasia are 
not mainly defined by lengthening procedures (Figure 5), 
multiple surgical bone lengthening techniques have been 
described62,63 (Figures 6–8).

Bone lengthening in achondroplasia might be per-
formed in combination with or without simultaneous 
deformity correction to achieve specific functional goals 

Figure 4. Ten-year-old female with achondroplasia who received bilateral simultaneous humeral lengthening. To the left: after 
2 cm of lengthening; to the right: after 8 cm of lengthening.

Figure 5. (a)–(c): 4-year-old female with achondroplasia. (a) Severe varus deformity and internal torsion of both lower limbs. (b) 
and (c) Acute deformity correction against varus and internal tibial torsion with k-wire fixation. (d)–(f) 3-month follow-up.
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of daily life (e.g. upper limb lengthening to enable per-
sonal hygiene, mono- or bifocal lower limb lengthening 
with axis correction), or bone lengthening might be per-
formed repeatedly to increase height and obtain more nor-
mal-appearing proportions for functional and cosmetic 
reasons. Various surgical techniques (monolateral, circular 
frames and intramedullary nails) have been described for 
lengthening procedures, and progress in surgical hardware 
development (e.g. smaller nails) may lead to better length-
ening outcomes concerning patient satisfaction and com-
fort as well as lengthening safety. There is currently no 
unanimous agreement on whether unilateral lengthening 
of the femur and tibia, simultaneous lengthening of both 

femora/tibiae, a crossover, or all simultaneously, is best 
suited for achondroplasia.

Recently, simultaneous bilateral femoral and tibial 
lengthening in patients with achondroplasia with external 
fixators has been described as feasible; however, it was 
associated with 76% of adverse events.64 While an opti-
mal approach to lengthening procedures needs to be 
developed, there is still insufficient evidence on how 
excessive lengthening can impair growth,65 especially 
considering the medical therapies available. The question 
remains as to whether the burden of short stature is higher 
than that of repetitive surgical lengthening procedures 
during growth. However, the importance of height for 

Figures 6. (a)–(g) 11-year-old female with achondroplasia and severe knee and ankle varus causing pain and gait problems. 
Consecutive bilateral bi-focal axis correction combined with 7 cm of lengthening (5 cm proximal and 2 cm in distal tibia) in the lower 
leg using a classical Ilizarov frame was performed to achieve alignment in the knee and ankle joint.
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Figure 7. Eleven-year-old female with achondroplasia. Short femoral segment measuring 17 cm from the tip of the trochanter to 
the level of the distal femoral growth plate. 5 cm femoral lengthening was performed with an externally controlled intramedullary 
lengthening nail (length of 165 mm and a lengthening capacity of 5 cm).

physical functioning and QoL has not yet been assessed. 
Furthermore, the impact of limb lengthening on QoL 
remains inconclusive, despite some evidence in the litera-
ture suggesting an improvement in the physical QoL and 
performance of activities of daily living with greater 
height or upper limb length, as these parameters have 
been insufficiently discussed owing to the use of generic 
questionnaires (e.g. SF-36). Condition-specific instru-
ments should be used to further our understanding of this 
relevant question.66,67

Furthermore, patients’ general perspectives on limb-
lengthening procedures might depend on local medical 
treatment concepts as well as the influence of local patient 
advocacy groups. Therefore, developing universally 
accepted concepts for limb lengthening and deformity cor-
rection in achondroplasia is almost impossible.

Surgical attempts have been made to restore the propor-
tions of the fibula and tibia to improve knee and ankle sta-
bility. Definite recommendations for progress in these 
cases are not yet available.

Surgical distalisation of the fibula using frames or 
guided growth (epiphysiodesis) has also been discussed.68 
Epiphysiodesis of the proximal fibula is an option for min-
imally invasive distalisation of the fibula; however, to the 
best of our knowledge, no detailed data are available on 
the functional outcomes and exact timing. Furthermore, 

the distal varus deformity of the tibia is exceptionally dif-
ficult to address using minimally invasive techniques, and 
the distal tibial fibula length ratio (fibular overgrowth in 
relation to the tibia) and subtalar compensation (heel posi-
tion and subtalar flexibility) must be considered in surgical 
planning.

Orthopaedic transition

Adults with achondroplasia are at a high risk of developing 
medical complications. The average life expectancy 
decreases by 10 years in adults with achondroplasia com-
pared to unaffected individuals, and the primary causes of 
death include heart disease, neurological complications 
and accidents.69

One of the main challenges of multidisciplinary treat-
ment for rare bone diseases is transition. A structured tran-
sition process for adults is often lacking as individuals 
with achondroplasia do not seamlessly transition to adult 
multidisciplinary care. Patients are increasingly lost to or 
decline follow-up upon adulthood when leaving paediatric 
care. A wide variety of specialties, including physicians, 
surgeons, physical therapists, allied professionals, mental 
health support and primary care professionals, are involved 
in the management of adults with achondroplasia. A well-
coordinated transition from paediatric to adult care should 
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be implemented in the clinical management of patients 
with achondroplasia.70

Recurrence of FMS can occur at any time during 
growth, and although recurrence rates of approximately 
10% have been observed in children, no data are available 
for adults. Clinical symptoms of cervicomedullary com-
pression in adults may mimic those of cervical myelopa-
thy. Adults with restenosis of the foramen magnum 
experience symptoms, such as pain, weakness, lack of 
overall movement, asymmetric limb motion, swallowing, 
coughing, worsening obstructive apnoea and central 
apnoea. Patients with new neurological symptoms should 
be carefully evaluated for foraminal magnum restenosis. 
Surgical management remains challenging.33

Up to 79% of adults with achondroplasia,56 especially 
females,71 have reported pain, and the prevalence of pain 
increases with age. During childhood, the main causes of 
pain have been reported to be cervical medullary compres-
sion, thoracolumbar kyphosis, hydrocephalus, obstructive 

apnoea, genu varum, discoid meniscus and bone lengthen-
ing treatment. In adolescent and adult patients, the main 
areas of pain are the knee and lumbar region, as well as 
general pain.56

In an orthopaedic surgical setting, the transition of adoles-
cents with achondroplasia to adult orthopaedic care requires 
a specialised team for optimal care consisting of at least an 
adult spine surgeon and an arthroplasty specialist focusing 
on small implants and hyperlaxity/deformity issues.

The degenerative process of lumbar spinal stenosis 
often leads to surgical intervention because of the progres-
sion of symptoms even at rest, urinary retention and severe 
claudication.16 However, posterior decompression in 
achondroplasia is associated with complications, such as 
durotomy, new neurological symptoms, and infection 
requiring irrigation and debridement.72

Despite these anatomical variants, frequency and sever-
ity of lower limb deformity, total knee arthroplasty cases 
are rare. Careful preoperative planning and consideration 

Figure 8. Repeated lengthening of the same patient as shown in Figure 7: The lengthening nail from the first lengthening was 
removed and a new nail with a lengthening capacity of 8 cm was implanted. The total gain of length in both femora was 13 cm in this 
patient.
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of revision-style implants in severe cases, as well as thor-
ough patient counselling, are required prior to TKA.73 
Varus deformity and ligament laxity at the knee pose chal-
lenges for surgeons when planning TKA. Meticulous tech-
nical consideration by arthroplasty specialists focusing on 
rare bone diseases is required because arthroplasty without 
deformity correction, prior frontal plane correction or con-
comitant valgisation osteotomy with TKA may be consid-
ered for achondroplasia.74,75 Intraoperative and 
postoperative complications secondary to altered anatomi-
cal circumstances and short stature should be carefully 
considered and managed in a specialised multidisciplinary 
setting.

However, skeletal dysplasia is also associated with 
premature degenerative osteoarthritis.76,77 The onset of 
hip osteoarthritis, which results in decreased mobility and 
QoL, is a problem in patients with achondroplasia. 
However, total hip replacement in these patients remains 
challenging, as it is associated with a high rate of intra- 
and postoperative complications.77 Extensive preopera-
tive planning by arthroplasty specialists educated in 
skeletal dysplasia in a multidisciplinary setting, as well as 
intraoperative radiographic imaging, is recommended 
because of disease-specific anatomical changes, as stan-
dard surgical landmarks may be altered or absent.79 The 
smaller anatomy poses a challenge to the successful 
engagement of the femoral implant as well as proper 
placement of the acetabular implant resulting in possible 
dislocation, implant malpositioning, periprosthetic frac-
tures and aseptic loosening.76,78,79 Furthermore, condi-
tions, such as varus deformity and ligamentous laxity, 
contribute to the demand for total hip arthroplasty (THA) 
in achondroplasia. The odds for postoperative infection 
within 90 days of surgery are three times higher; however, 
the successful implant survival rate in achondroplasia 
after 5 years is comparable to that in non-affected indi-
viduals at 95%.76 These studies underline the importance 
of orthopaedic transition in achondroplasia.

Owing to the high rate of mental comorbidities and the 
severe burden of disease in adults, healthcare providers 
should focus on improving QoL.66 Interventions in child-
hood should be considered in light of the long-term effects 
on the QoL of patients with achondroplasia. Murton et al. 
reported that only studies with self-help and patient educa-
tion interventions resulted in improved health related qual-
ity of life (HRQoL) compared to studies examining 
vosoritide, limb lengthening or other surgical procedures.80

Combined treatment

The current concept of orthopaedic treatment protocols 
may have to be revised in the near future owing to the 
development of new medical treatments.

Paediatric orthopaedics focuses on guidance during the 
growth period; thus, all medical treatments that alter 

growth can potentially change our paediatric orthopaedic 
treatment algorithms (Figure 9).

Preliminary studies evaluating the growth potential 
in children with achondroplasia undergoing vosoritide 
therapy showed increased growth (up to 1.57 cm per 
year) compared with an age-matched placebo control 
group.81,82

The primary outcome parameter in most vosoritide 
studies is standing height. However, lower-limb deformi-
ties, which clearly influence standing height, were not 
assessed in these initial studies. Furthermore, the assess-
ment of spinal deformities, such as kyphosis, with regard 
to standing height is lacking.

Improved growth in achondroplasia can influence the 
timing of the guided growth procedures. New medical 
therapies available for other rare bone diseases83 implicate 
increased correction rate with guided growth.

Normally, guided growth procedures for the correction 
of lower limb deformities in children with achondroplasia 
are performed significantly earlier than in unaffected chil-
dren because of restricted growth potential.60,61 However, 
all the available published data on this topic date before 
the administration of vosoritide (and other medical 
developments).

Further research is required to extensively evaluate the 
effect of medication on the potential and rate of frontal 
deformity correction using hemiepiphysiodesis in patients 
with achondroplasia. A suitable age for guided growth in 
patients with achondroplasia should be recommended in 
comprehensive prospective clinical studies.

In addition to growth and medical modulations of 
growth, deformity development is another important topic. 
Achondroplasia is known for disease-specific skeletal 
deformities, which are congenital or can develop during 
growth; therefore, it is of great interest to observe how 
these deformities develop with FGFR pathway-modulat-
ing medication. Comprehensive data on the improvement 
in proportions with medication are needed to fully evaluate 
the efficacy of these treatments.

The definition of the possible impact of medical ther-
apy (vosoritide) on the development of FMS, thus possibly 
reducing the need for cervicomedullary surgical interven-
tions, has been attempted in recent studies84; however, to 
the best of our knowledge, no such data are available for 
upper and lower limb deformities.

Bone healing after osteotomies and bone-lengthening 
procedures combined with new medical treatments have 
not yet been reported. Currently, it remains unclear whether 
our paediatric orthopaedic surgical deformity reconstruc-
tion algorithm should be reassessed with regard to medical 
treatment. No universally accepted treatment standards are 
available; thus, it remains an obligation of multidisci-
plinary centres to individually discuss the benefits and 
risks of orthopaedic surgeries and concomitant medical 
therapy. Questions arise regarding the necessity of pausing 
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treatment for scheduled surgeries and the need to postpone 
such surgeries to continue treatment. Prospective data and 
multidisciplinary expert discussions that include patients 
and families are required to develop efficient treatment 
algorithms.

Furthermore, improvement in growth in achondroplasia 
could change our approach to limb reconstruction proce-
dures, as well as the timing. With fewer limb-lengthening 
procedures, patients might be able to reach a height within 
2–3 standard deviations of normal height. Initially, longer 

Figure 9. Orthopaedic consideration under medical therapy: Schematic representation of lower limb deformities in a child with 
achondroplasia with highlights on topics lacking clinical data, specifically, the effect of medical therapy on these factors. Further 
studies are necessary to fully evaluate the effect of vosoritide, and other agents undergoing clinical testing, on factors, such as final 
height and proportions, bone healing during surgical intervention, the implications for guided growth regarding timing of surgery and 
correction rate, as well as the development of lower limb deformities. Furthermore, the effect on QoL, especially patient-reported 
pain, should be evaluated with novel medical treatment options. See Section 4.5.
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bones before first limb lengthening might allow the use of 
lengthening nails with a larger stroke (possible maximum 
amount of lengthening), further reducing the number of 
lengthening procedures.

Hyperlaxity is an important and sometimes burden-
some symptom of achondroplasia. It is not yet clear 
whether hyperlaxity resulting in possible joint instability 
correlates with reported joint pain in children and adults 
with achondroplasia.56 While it is clinically difficult to 
measure, it will be interesting to observe whether this 
parameter is influenced by new treatments and subse-
quently joint pain.

Future research on the orthopaedic treatment of achon-
droplasia needs to reconsider which orthopaedic interven-
tions will result in increased musculoskeletal function and 
a higher QoL.

Conclusion

From a paediatric orthopaedic standpoint, new medical 
treatment options have the potential to revolutionise treat-
ment algorithms for achondroplasia. However, aspects 
related to deformity, function and daily activity/QoL must 
be assessed further to evaluate the orthopaedic benefits of 
novel medical treatments.

Adaptations and re-evaluation of current treatment con-
cepts in view of changing medical treatment options are 
necessary for optimal patient care. Orthopaedic surgeons 
must adapt to new treatment developments and actively 
participate in the implementation of multidisciplinarity 
and transition, inclusion of patients’ opinions, and consen-
sus regarding concomitant medical treatment and surgical 
interventions.
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