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AB S T R AC T
Background: Achondroplasia is the most common skeletal dysplasia

and is associated with a wide range of medical and surgical comorbidities
beyond short stature. Comprehensive descriptions of the clinical mani-
festations andmanagement of these comorbidities within paediatric pop-
ulations remain limited. We aimed to describe the spectrum of medical
and surgical comorbidities and their management in paediatric patients
with achondroplasia seen at a tertiary care centre.

Methods: We created a registry of patients seen at the Skeletal Dys-
plasia Clinic and conducted a retrospective cohort study of 60 patients
with achondroplasia seen between January 2018 and October 2021. We
collected longitudinal data on referrals, medical concerns, and medical
and surgical management.

Results: Among the 60 patients included, neurological and ortho-
pedic concerns were commonly observed. Foramen magnum steno-
sis/cervicomedullary compression required surgery in 37% of patients.
Genu varumwas treated operatively in 23% of patients. Central sleep ap-
nea affected 25% of patients, and obstructive sleep apnea affected 62%.
Fifty-three percent of patients underwent tonsillectomy/adenoidectomy
surgery, and 18% received a continuous positive airway pressure (CPAP)
machine. Auditory concernswere also prevalent, andmyringotomy tubes
were inserted in 48% of patients.

Conclusion: Paediatric patients with achondroplasia experience a
broad range of medical and surgical comorbidities requiring multidisci-
plinary management. This study describes the spectrum of clinical mani-
festations and management strategies observed in a tertiary care setting
and highlights the complexity of care required for this population.
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1 | INTRODUCTION

Achondroplasia is the most common skeletal dysplasia,
with an estimated incidence at birth of 1 in 25,000 to
1 in 30,000. (1) Achondroplasia is typically caused by
a de novo, autosomal dominant variant in the fibrob-
last growth factor receptor type 3 (FGFR3) gene with
a glycine to arginine substitution at codon 380 (G380R),
although rare exceptions to this variant occur. (1–4) The
substitution in FGFR3 activates inhibitory processes
that downregulate chondrocytic bone growth, (1,5) re-
sulting in dwarfism and potential orthopedic, neurosur-
gical, and respiratory comorbidities. (6)

Foramen magnum stenosis in achondroplasia can re-
sult in neurologic problems (e.g., central sleep apnea)
and pain, often necessitating surgical decompression.
Orthopedic concerns due to metaphyseal irregularities
and joint laxity may lead to orthopaedic concerns such
as genu varum and pain necessitating surgical interven-
tion. Midface hypoplasia, enlarged adenoids/tonsils,
and short eustachian tubes may predispose children to
respiratory infections, otitis media, and hearing loss. (7)
The comorbidities associated with achondroplasia may
adversely impact children’s health and quality of life.
(8) Management typically requires lifelong involvement
from multidisciplinary healthcare providers.

The Hospital for Sick Children (SickKids) is a leading
tertiary paediatric care and research centre in Canada,
providing specialized care for children with rare and
complex conditions (9). It cares for children with achon-
droplasia, including routine follow-up, treatments, and
surgeries. Given the heterogenous population and com-
plexmedical needs of childrenwith achondroplasia seen
at SickKids, it is essential to systematically track their
symptoms and medical intervention for clinical teams to
have up-to-date information about the patient’s clinical
status and medical management over time. We created
a site-specific registry to summarize the characteristics
of children with skeletal dysplasia at SickKids to track
this population’s characteristics and medical and surgi-
cal management at Canada’s largest children’s hospitals.

1.1 | Aims
We conducted a retrospective cohort study to describe
and characterize the spectrum of medical and surgical
comorbidities and their management in paediatric pa-
tients with achondroplasia seen at a tertiary care cen-
tre. Specifically, the objectives of this study were to (a)
describe the frequency and types of abnormalities iden-
tified through recommended achondroplasia screening
and clinical assessments, and (b) summarize the medical
and surgical management strategies employed for these
comorbidities.
2 | METHODS
This study was approved by the Research Ethics Board
(REB) at SickKids (REB# 1000059185). Given that this
study used pre-existing patient data, we obtained a
waiver of consent in line with institutional REB guide-
lines. Data were manually extracted from electronic
medical records of patients seen at the Skeletal Dys-
plasia Clinic at SickKids between January 01, 2018, to
October 31, 2021. Patient’s medical records were ex-
amined for common medical concerns associated with
achondroplasia, age of diagnosis orwhen concernswere
first noted, medical and surgical management details,
and effectiveness of management. Variables collected
included demographic information (age, sex), genetic
findings, neurological, orthopedic, respiratory, and au-
ditory comorbidities identified through recommended
screening, and associated medical and surgical manage-
ment. To determine the efficacy of medical and surgi-
cal management, clinic notes were reviewed, and out-
comes were categorized as resolved, partially resolved,
or not resolved based on physician documentation and
discussionwith the research team. Data abstractionwas
performed by a single reviewer using a structured data
collection framework developed by the research team
based on study objectives and variables of interest. The
framework included predefined fields for demographic
characteristics, genetic findings, and clinical comorbidi-
ties (neurological, orthopedic, respiratory, and auditory),
as well as associated medical and surgical management
and outcomes. Management outcomes were recorded
as documented in the electronic medical record by treat-
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ing clinicians, without independent adjudication. For pa-
tients with multiple clinical concerns, outcomes were
abstracted separately for each condition. Duration of
symptoms and time to resolution were not consistently
documented and therefore were not systematically ana-
lyzed. Body mass index (BMI) was calculated based on
patients’ most recent height and weight. Demographic
variables collected included age and sex. Additional so-
ciodemographic information was not consistently avail-
able in the medical records and was therefore not in-
cluded in the analysis.

Data from patient charts were manually recorded
into standard surveys on REDCap Internal (REDcap
12.3.3 - © 2022 Vanderbilt University). Data were
processed using the Excel® software (Microsoft Corp.
2016) and analyzed using descriptive statistics. All per-
centages are reported as a percent of the total number
of patients in the study (n = 60), unless stated otherwise.
When reporting non-mutually exclusive subgroup indi-
cations, absolute numbers are presented without per-
centages to avoid misleading denominators.
3 | RESULTS
Sixty patients with achondroplasia were included in this
study. Themedian age at the time of data collection was
10.1 years (range: 2.8-23.5 years). Thirty-one patients
were male (52%) and 29 were female (48%).

Seven patients (12%) had inherited FGFR3mutations.
Fifty-two patients (87%) had a typical de novo muta-
tion. One patient (2%) had an abnormal FGFR3 vari-
ant (de novo, c.835A>T, p.Ser279Cys). All patients had
genetic testing. The most common comorbidities were
foramen magnum stenosis, kyphosis, and recurrent oti-
tis media. Findings are summarized in Table 1. Patients
could have multiple comorbidities and therefore may be
represented in more than one diagnostic category.
3.1 | Medical and Surgical Concerns and
Management
3.1.1 | BMI and Gross Motor
Development
Fourteen patients (24%) were considered overweight or
obese. One patient in the obese category was seen by

dietetic nutrition for weight management. One addi-
tional obese patient was enrolled in an obesity manage-
ment program.

The age at which the patients were first noted to
sit independently and began walking was recorded as
a guide for gross motor development. The age the child
first started sitting was reported for 12 children. The
median age was ten months (range: 8-15 months). The
age when the child first started to walk was reported
for 35 children. The median age was 20 months (range:
12-36 months).
3.1.2 | Neurological Concerns
Forty-five patients (75%) had foramen magnum steno-
sis, and 27 (45%) had cervicomedullary compression. All
22 patients (37%) who underwent cervicomedullary de-
compression surgery showed significant narrowing of
the foramen magnum.

Following initial cervicomedullary decompression
surgery, neurological concerns were fully resolved with-
out the need for revision surgery in 15 patients. Symp-
tomswere partially resolved in six patientswho required
revision surgery due to bony regrowth or recurrent or
worsening symptoms. Among these six patients, symp-
toms were fully resolved after revision surgery in three
patients. One patient experienced persistent symptom
progression after the first revision but achieved full res-
olution following a second revision surgery. One pa-
tient had radiographic evidence of bony regrowth but re-
mained asymptomatic and did not require further surgi-
cal intervention. One patient experienced chronic back
and neck pain that did not resolve following revision
surgery. Outcome data were not documented for one
patient.

Seven patients underwent cervicomedullary decom-
pression surgery for symptoms related to sleep apnea.
Sleep apnea symptoms were fully resolved for three pa-
tients, partially resolved in one patient following two
revision surgeries, and not resolved in three patients.
For the patients whose sleep apnea symptoms did not
resolve following surgical intervention, additional infor-
mation regarding comorbidities or subsequent manage-
ment was not available at the time of manuscript prepa-
ration.
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Medical concern Patient Count (percentage), n =

60
Median Age (min–max, years)

BMI
Underweight (BMI < 18.5) 3 (5%) 6 (5–14)
Normal weight (BMI 18.5–25) 43 (72%) 8 (2–23)
Overweight (BMI 25–30) 7 (12%) 12 (5–18)
Obese (BMI > 30) 7 (12%) 17 (15–20)
Neurological complications
Foramen magnum stenosis 45 (75%) 1.0 (0.0–16)
Cervicomedullary compression 27 (45%) 1.1 (0.3–11)
Cervicomedullary decompression surgery 22 (37%) 1.3 (0.4–12)
Cervicomedullary decompression revision surgery 6 (10%) 6.0 (0.5–18)
Second cervicomedullary decompression revision surgery 1 (2%) 2.2
Orthopedic complications: kyphosis
Kyphosis Notes 38 (63%) 1.3 (0.8–11)*
Resolved spontaneously / No intervention required 37 (62%) N/A
Intervention required 1 (2%) 11
Orthopedic complications: Genu Varum
Genu varum requiring correction 14 (23%) 10 (6–17)
Guided growth 11 (18%) 10 (6–15)
Osteotomy 2 (3%) 16.5 (16–17)
Limb lengthening 1 (2%) 9
Respiratory complications
Central sleep apnea 15 (25%) 1.1 (0.3–5)†
Obstructive sleep apnea 37 (62%) 1.6 (0.1–14)‡
Tonsillectomy/Adenoidectomy 32 (53%) 2.8 (0.8–9)§
Continuous positive airway pressure (CPAP) 11 (18%) 3.3 (0.7–13)
Auditory complications
Recurrent otitis media 31 (52%) 2.0 (0.7–7)||
Middle ear effusions 22 (37%) 1.6 (0.2–7)¶
Hearing loss 23 (38%) 3.0 (0.2–15)**
Myringotomy tubes 29 (48%) 2.3 (0.7–10)††

Note:
*Age of kyphosis was not specified for 10 patients.
†Age of CSA diagnosis was not specified for 1 patient.
‡Age of OSA diagnosis was not specified for 2 patients.
§Age of T/A was not specified for 1 patient.
||Age first diagnosed was not specified for 7 patients.
¶Age first diagnosed was not specified for 2 patients.
**Age first diagnosed was not specified for 1 patient.
††Age of first tube insertion was not specified for 2 patients.

TABLE 1 Summary of medical complications of achondroplasia patients

In addition to sleep apnea, one patient under-
went cervicomedullary decompression surgery for pa-
pilledema edema, urinary incontinence, sudden loss of
consciousness and balance, and headaches, and two for
myelopathy. All these concernswere fully resolved post-
operatively. One patient experiencing severe devel-
opmental delays demonstrated no improvement post-
operatively. One patient underwent cervicomedullary
decompression surgery for chronic neck and back pain.
These symptoms partially resolved initially but recurred
one month post-operatively.

3.1.3 | Orthopedic Concerns

Thirty-eight patients (63%) had thoracolumbar kyphosis.
In nearly all (37/38) cases, the kyphosis resolved with-
out intervention as the patient aged and gained strength.
In one patient, kyphosis was associated with symptoms
of neurogenic claudication at 11 years of age; symptoms
were not resolved at the time of data collection and cor-
rective surgery was pending.

Fourteen patients (23%) had genu varum requiring
surgical correction. Surgical correction resulted in com-
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plete resolution of genu varum in 12 patients. In one
patient, genu varum partially resolved following initial
guided growth surgery, but subsequently recurred and
was fully corrected after a second guided growth proce-
dure. For one patient, the deformity was not adequately
resolved with guided growth; therefore, an osteotomy
was performed which fully corrected the genu varum.
3.1.4 | Respiratory Concerns
Fifteen patients (25%) had central sleep apnea, and 37
patients (62%) had obstructive sleep apnea. Among
patients who underwent tonsillectomy/adenoidectomy,
symptoms were fully resolved in 14 patients, par-
tially resolved in seven patients, and not resolved
in five patients. Outcome data following tonsillec-
tomy/adenoidectomy were not documented for six pa-
tients.

Eleven patients (18%) were prescribed continuous
positive airway pressure (CPAP) therapy. CPAP therapy
resulted in complete resolution of symptoms in five pa-
tients, partial resolution in three patients, and no resolu-
tion in three patients.
3.1.5 | Auditory Concerns
Thirty-one patients (52%) experienced recurrent otitis
media, 22 patients (37%) had middle ear effusions, and
23 patients (38%) had transient hearing loss. Twenty-
nine patients (48%) underwentmyringotomy tube place-
ment. Indications for surgery included recurrent otitis
media (22 patients), middle ear effusions (18 patients),
hearing loss (14 patients), speech delay (seven patients),
and nasal congestion (one patient); some patients had
more than one indication. The indication for surgerywas
not specified for four patients.

Following myringotomy tube placement, symptoms
were fully resolved in 13 patients, partially resolved in
nine patients, and not resolved in two patients. Out-
come data were not documented for five patients.
3.2 | Specialty Referrals
The most common specialty referrals included respirol-
ogy (92%) for a sleep study; neurosurgery (75%) for
foramen magnum stenosis; ENT (75%) for a tonsillec-
tomy/adenoidectomy which is commonly used as a

treatment for obstructive sleep apnea; and orthopaedic
surgery (67%) which is most commonly for an assess-
ment of limb alignment. A complete list of specialties
and referrals and the reasons underlying the referrals
are summarized in supplementary Table S1.
4 | DISCUSSION
This retrospective study summarizes the clinical charac-
teristics of children with achondroplasia who were eval-
uated within four years at SickKids to better understand
the prevalence and management of achondroplasia-
related comorbidities and concerns within the Canadian
paediatric population. Fifty-two patients (87%) had a
typical de novo mutation, keeping with a previously re-
ported value of 80%. (10)

Concerning development, 50% of children with
achondroplasia are reported to sit independently at nine
months, (11) and the median age of walking indepen-
dently in children with achondroplasia is 21.2 months.
(12) We observed similar findings with an average age
of sitting at 10 months and an average age of walking
at 20 months. In our cohort, gross motor development
milestones were available for only a subset of patients,
with age at first sitting documented for approximately
20% and age at first walking for 58%. As a result, these
findings should be interpreted cautiously and primar-
ily as descriptive observations rather than representa-
tive estimates for the entire cohort. Gross motor de-
lays are expected in children with achondroplasia due to
biomechanical differences. Accordingly, achondroplasia-
specific developmental charts should be used when as-
sessing these patients. (12)

Excess weight is a significant risk factor for individu-
als with achondroplasia as it can exacerbate comorbidi-
ties such as obstructive sleep apnea, genu varum, spinal
stenosis and increase mortality. (13) Twenty-four per-
cent of our patients fell within the overweight or obese
BMI category. Currently, no established standards ex-
ist to evaluate, prevent, or treat obesity in individuals
with achondroplasia. (14) However, most patients in
our study were counselled on healthy eating and exer-
cise, whereas two were referred to nutrition/dietetics
or obesity management. These findings suggest that
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structured programs or recommendations may benefit
children with achondroplasia who require weight man-
agement support. Overweight and obesity were more
common in older patients in this cross-sectional study,
suggesting that the study designmay underestimate the
true lifetime risk.

Neurological comorbidities were common in our
study population, and 37% of the patients underwent
cervicomedullary decompression surgery. This finding
is higher than what has previously been reported (3-
26%), (15,16) andmay be attributed to the fact that Sick-
Kids is a tertiary care center with a large neurosurgery
department. The foramen magnum is small in children
with achondroplasia, which can compress the brain stem
and upper cervical spinal cord, potentially resulting in
myelopathy, apnea, and sudden death. (17–19) Cervi-
comedullary decompression surgery may result in post-
operatively complications such as cerebrospinal fluid
leaks, although it has been found to provide significant
clinical benefits in the context of achondroplasia. (20)
Consistent with the literature, most of the patients in
our study showed significant improvement post-surgery.
No patients showed deterioration of symptoms or signif-
icant complications due to surgery.

Common orthopaedic concerns include thoracolum-
bar kyphosis (typically with an apex at the second lum-
bar vertebra) and genu varum. Thoracolumbar kyphosis
usually resolves spontaneously as infants’ muscle tone
improves with age. (21) If the kyphosis does not resolve
spontaneously, spine bracing may prevent progression,
although its effectiveness is not proven. (21) A minor-
ity of paediatric patients may be considered for lumbar
spinal surgery, particularly if there is a concomitant neu-
rogenic claudication. (21) While 63% of patients in our
study experienced kyphosis, only one patient (2%) re-
quired surgical correction. Joint hypermobility in the
coronal plane of the knee is commonly observed in
achondroplasia. This can exacerbate genu varum, ini-
tially caused by altered tibial shape. (22) It has been
reported that approximately 10% of children have sig-
nificant genu varum by age five, which increases to ap-
proximately 40% during adulthood. (23) This situation
can lead to lateral knee pain and gait disruptions, includ-

ing a ‘lateral thrust’ when standing. Similarly, 23% of pa-
tients had genu varum that required surgical correction
(guided growth, osteotomy, or limb lengthening). Surgi-
cal intervention was effective in reducing genu varum
in our patient population. It is important to regularly as-
sess for genu varum in patients with achondroplasia and
consider surgical correction when patients have signif-
icant malalignment or asymptomatic malalignment be-
fore completing skeletal maturity. (24,25)

Approximately half of the patients (52%) in our study
had episodes of recurrent otitis media, consistent with
previous reports indicating that nearly 60% of patients
experience at least one episode in the first year of life.
(23) Conductive hearing loss has previously been re-
ported in 38% of individuals with achondroplasia by
adulthood. (23) We found that 38% of patients in our
study showed evidence of transient conductive hear-
ing loss. Auditory comorbidities may cause speech de-
lays and articulation concerns. Of significance, myringo-
tomy tube placement is effective in addressing these
concerns. (26)

Sleep apnea is the most common respiratory prob-
lem in individuals with achondroplasia due to ade-
notonsillar hypertrophy or upper airway obstruction.
(27) It has been reported that 25% of children with
achondroplasia undergo tonsillectomy/adenoidectomy
by eight years old and almost 40% by adulthood.
(26) In the current study, 53% of patients under-
went tonsillectomy/adenoidectomy. Reports of ton-
sillectomy/adenoidectomy effectiveness in treating ob-
structive sleep apnea have been mixed. One study
reported that 60% of children treated with tonsillec-
tomy/adenoidectomy required ongoing CPAP therapy
to manage symptoms. (28) In contrast, another study
reported that 64% of patients had complete resolution
of obstructive sleep apnea symptoms after tonsillec-
tomy/adenoidectomy and required no additional man-
agement. (29) We have observed that obstructive sleep
apnea concerns were fully resolved following tonsillec-
tomy/adenoidectomy in 38% of patients. Our findings
highlight the need for ongoing monitoring and manage-
ment of sleep apnea in this population, as some patients
may require additional interventions to control obstruc-
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tive sleep apnea fully.
4.1 | Strengths, Limitations, and Future
Directions
While registries and natural history studies exist for
achondroplasia, they are geographically limited to the
United States, Europe, and India. (4,30,31) This study
is the first to summarize the clinical findings of achon-
droplasia concerns and management within a Cana-
dian paediatric population. This study also revealed
the diverse and interrelated nature of medical concerns
associated with achondroplasia which extend beyond
stature and can cause significant morbidity. Pharmaco-
logical treatments for achondroplasia primarily focus on
height and growth-related outcomes. (32) We recom-
mend broadening the focus to also account for the con-
cerns discussed above. Additionally, developing stan-
dardized methods to monitor andmanage weight in chil-
dren with achondroplasia may help to mitigate other se-
rious comorbidities. Musculoskeletal pain, spinal pathol-
ogy, and lower limb deformities may limit the feasibil-
ity of exercise-based weight management strategies in
some patients with achondroplasia, underscoring the
need for individualized, multidisciplinary approaches.

A limitation of this study is that there was limited
availability of data on certain treatments and outcomes
due to inconsistencies in reporting within patient charts,
leading to potential gaps in the information collected.
Our study offers valuable insight into themedical comor-
bidities and concerns of achondroplasia at SickKids, but
its application may be limited as it only includes patients
from a tertiary referral centre. Patients with fewer con-
cerns may be less likely to attend referral centres, mean-
ing estimates of medical event rates are likely higher
from referral centre studies than from population-based
studies. Individual variability in outcomes may be influ-
enced by factors such as age, BMI, and baseline disease
severity, which could not be systematically explored in
this retrospective cohort.

As a retrospective chart review, outcome assessment
relied on the accuracy and completeness of clinical doc-
umentation, which may introduce documentation or re-
call bias. Additionally, the duration of symptoms and

time to resolution could not be systematically evaluated
due to inconsistent reporting. Distinguishing manifesta-
tions directly attributable to achondroplasia from those
influenced by multifactorial contributors is challenging
in retrospective studies and underscores the importance
of cautious interpretation.

While most patients in our cohort harbored the
typical de novo FGFR3 p.G380R variant, a small sub-
set had inherited or atypical variants. Although geno-
type–phenotype correlations have been proposed in
achondroplasia, the limited number of patients with
non-classical variants in this cohort precluded mean-
ingful subgroup analyses. Future multicenter registries
with larger sample sizes may help elucidate whether
specific genetic variants are associated with differential
risks of particular clinical comorbidities and informmore
personalized management strategies.
5 | CONCLUSION
This registry-based retrospective cohort study primarily
aimed to characterize the range of medical and surgical
concerns and their management in children with achon-
droplasia, rather than to evaluate the effectiveness of a
registry itself. Our study highlights the need for various
forms of medical and surgical management for children
with achondroplasia by a multidisciplinary team. Health-
care providersmust be aware of these concerns, as early
detection of comorbidities can be critical for optimal
clinical outcomes. By improving our understanding of
the clinical presentations involved in achondroplasia and
what constitutes effective management, we can provide
personalized care for this population of patients and im-
prove their quality of life.
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