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ABSTRACT

This systematic review aimed to collect and appraise the clinical outcomes of all orthopaedic, orthodontic and surgical inter-
ventions in ACH patients. Following PROSPERO protocol, multiple database sources were searched to December 2024 with no
language restrictions for (i) genetically confirmed ACH; (ii) any orthodontic/orthopaedic/orthognathic treatment. Two reviewers
independently screened, extracted data and applied Joanna Briggs Institute appraisal tools. Results were synthesised to collect
the evidence and provide available guidelines. Thirteen studies met the criteria (11 case reports, 2 case series) comprising 16
treated individuals (3-23 y.0). Five patients aged 10-16years achieved stable correction with orthopaedic treatment followed by
fixed appliances, without extractions or surgery at >24-month follow-up. Eight post-growth patients (> 16 years) required either
extractions (n=4) or maxillofacial surgery (n=>5) to attain satisfactory occlusion; long-term stability was documented in only
two. Two preschool children underwent mid-face distraction and were successfully decannulated. Risk-of-bias was generally
moderate. Early orthopaedic-orthodontic protocols (< 16years) corrected transverse and sagittal discrepancies in ACH, whereas
combined orthodontic-surgical approaches were usually indispensable after growth completion. Future prospective are essential
to strengthen the evidence base age-stratified guidelines.

PROSPERO registration number: CRD42024582720

1 | Introduction ear infections, hearing loss, OSAS), dental issues, obesity, and
psychosocial issues. Achondroplasia (ACH) is an autosomal
dominant condition, in 80% of cases caused by de novo muta-

tions in the fibroblast growth factor receptor 3 (FGFR3), spe-

Achondroplasia (ACH) is the most prevalent type of dispropor-
tionate short stature. The incidence of the condition is estimated

to be around 1 in 25,000 and 1 in 30,000 live births worldwide
[1]. 1t is primarily characterised by disproportionate short stature
with rhizomelic limb shortness and macrocephaly with a broad
forehead, broad and depressed nasal bridge, malar hypoplasia,
and brachydactyly with a trident hand. The main associated
medical problems are neurological issues (stenosis of the fora-
men magnum, spinal stenosis), ENT issues (recurrent middle

cifically a G-to-A transition at nucleotide 1138, which results in
the substitution of glycine with arginine at codon 380 (G380R) of
the FGFR3 protein. This aberrant signalling of FGFR3 inhibits
chondrocyte proliferation and differentiation, particularly in the
growth plates of long bones, leading to phenotypic features of
achondroplasia. There are several other syndromes and diseases
that cause up to 50 known different classifications according to

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2026 The Author(s). Orthodontics & Craniofacial Research published by John Wiley & Sons Ltd.

Orthodontics & Craniofacial Research, 2026; 0:1-18
https://doi.org/10.1111/0cr.70108


https://doi.org/10.1111/ocr.70108
https://doi.org/10.1111/ocr.70108
mailto:
https://orcid.org/0000-0002-6209-9873
https://orcid.org/0000-0002-6723-9177
https://orcid.org/0000-0002-9499-0556
https://orcid.org/0000-0002-5930-1698
mailto:marcofarronato@msn.com
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Focr.70108&domain=pdf&date_stamp=2026-04-06

ORPHANET [2]. The most of individuals with ACH are diag-
nosed in the postnatal period, although it may be suspected pre-
natally by ultrasound evidence of femoral length deflection in
the third trimester, macrocephaly by the 24th gestational week.
Until a few years ago, the primary treatment for achondropla-
sia was surgery, particularly limb lengthening, with the goal of
improving growth and body proportions. In recent years, new
treatment options have emerged that offer significant hope for
patients and their families. In particular, Vosoritide (Voxzogo),
a synthetic analog of C-type natriuretic peptide (CNP), approved
first by the FDA, and subsequently by EMA and AIFA, was in-
troduced for restoring the balance and addressing the effects
of the FGFR3 pathway, that is overactive and suppresses bone
growth [3]. The administration is daily through subcutaneous
injections, and improves growth velocity and body proportions,
with a positive impact on their physical development. The long
term effects, the safety and the interaction with other orthopae-
dic therapies are still unknown as, at the time of writing it has
been distributed on a large scale for less than 3years [4, 5]. For
example, the effects on facial bones and especially on the man-
dibular growth are under investigation [6].

The European consensus outlined a document established by
the European Achondroplasia Forum (EAF) for optimal care
in managing ACH made by anonymous voting by a committee
of experts. The committee established six principles to indicate
the importance of lifelong multidisciplinary treatment and their
goals while maintaining the patient's autonomy and a dialogue
with the family [7, 8].

Clinically, according to a recent survey, the most frequent com-
plications are sleep apnoeas, otitis, stenosis of the foramen mag-
num, pressure on the spinal cord, and hearing impairments, and
typically lengthening surgery is a treatment option [Bedeschi].
However, also pain is often perceived both to knee and shoulder
manifesting often a chronic evolution and causing a lower qual-
ity of file [9].

Orthodontic treatment plays a pivotal role in the management
of ACH and addresses both functional and aesthetic features of
the patients. It focuses on addressing the dental and skeleto-facial
discrepancies from the early stages of growth [10-12]. The mid
area of the face is usually affected from underdevelopment of the
maxilla relative to the skull base, presenting a hypoplasic devel-
opment pattern from the nasal suture to the maxillary bone, as
a result the mandible might be in third class due to the underde-
velopment of the maxilla [13]. It might cause anterior crossbite
due to the relative mandibular prognathism. The hypoplasia is
attributed to the premature fusion of the cranial base synchon-
droses, which reduces the growth of the anterior cranial base and
consequently affects midfacial development. Patients also often
present comorbidity in the same area, with respiratory affection
including sleep apnea, both obstructive and central and otitis
media, both correlated with the growth pattern of the maxillary
area and middle third of the face. This is why palatal expansion
has a pivotal role influencing the nasal resistance and enhancing
the nasal pyramid morphology in paediatric patients [14-17].

Orthodontic interventions for ACH must consider the expo-
sure to unique craniofacial characteristics such as midfacial

hypoplasia, retained teeth, and agenesis, which differentiate
these patients from those with other craniofacial conditions.
Correction of skeletal Angle Class III can be treated or compen-
sated during growth while after growth is accomplished by sur-
gical approach, for example LeFort osteotomy [18].

Mori et al. in 2017 described a case where only early orthodon-
tic treatment was performed, without the need of an ortho/sur-
gical approach [19]. The timing of orthodontic intervention is
critical being early intervention essential to address crossbites
and crowding, yet the craniofacial growth along the develop-
ment must be considered to avoid long-term negative outcomes.
The outcomes of orthodontic treatment in ACH should aim for
improvements not only in occlusion but also the prevention of
functional complications or in the airways and achieving facial
harmony. A guideline for the orthodontic approach is still lack-
ing, and collecting and updating the current evidence is neces-
sary to increase the therapeutic effectiveness in the short and
long term.

The present study aims to systematically review the literature
and to collect the evidence on the orthodontic treatment in ACH
patients.

2 | Materials and Methods
2.1 | Research Question

The research question was elaborated according to the PI(E)CO
format for systematic reviews.

2.1.1 | PIECO
The aim of this systematic review refers to the PIECO question:

Population: Patients diagnosed with ACH; undergoing ortho-
dontic treatment.

Intervention: Orthodontic or a combination with orthopaedic,
functional or surgical treatment treated with orthodontics, or-
thopaedic, and/or orthognathic surgery; untreated; correlated
with the results achieved.

Exposure: The unique craniofacial and dental characteristics
associated with achondroplasia such as midfacial hypoplasia,
dental crowding, retained teeth, agenesis, relative prominent
mandible, skeletal discrepancies and other complications.

Comparison: Similar patients presenting the same complica-
tions but without ACH, or untreated patients with ACH.

Outcome: Clinical outcomes, Improvement in occlusion, cranio-
facial harmony, stability through time, and complications.

What are the clinical evidences guiding the orthodontic
treatment in patients with achondroplasia compared to non-
achondroplastic individuals or those with other craniofacial
syndromes?
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2.2 | Protocol and Registration

Before starting the review process, we developed a research
protocol based on the research questions. This protocol was reg-
istered in the PROSPERO database (International Prospective
Register of Systematic Reviews) with registration number CRD
(CRD42024582720). To ensure transparency, it was designed fol-
lowing the guidelines of the Cochrane Handbook for Systematic
Reviews and PRISMA-P (Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocols). The protocol
is accessible at [20]. To avoid duplicating existing work or over-
lapping with other reviews or meta-analyses on the same topic,
besides the preliminary research on PROSPERO and Cochrane,
we conducted a preliminary search in PubMed. Using criteria
similar to those outlined in this paper, the search confirmed the
absence of a systematic review on the topic.

2.3 | Information Source

The search strategy was implemented to identify the selected
studies from different relevant sources. Electronic databases
searched included PubMed, Embase, Scopus, and the Cochrane
Library. Additionally, grey literature was systematically ex-
plored to capture studies that might not be indexed in traditional
bibliographic databases. Sources of grey literature included
ProQuest Dissertations & Theses, OpenGrey, and conference
proceedings relevant to the topic.

To identify ongoing and recently completed studies, clinical trial
registries such as ClinicalTrials.gov and the WHO International
Clinical Trials Registry Platform (ICTRP) were also searched.
Furthermore, hand-searching was conducted in key orthodontic
journals and reference lists of included studies to identify any
additional eligible studies that may have been missed during the
database searches.

The searches were conducted without language restrictions,
with translation services employed when necessary to include
non-English studies.

2.4 | Search Strategy

The search strategy used was designed with the help of an ex-
pert from the institutional biomedical library. The search terms
used were extracted from MeSH (Medical Subject Heading),
separated by boolean operators and adapted to every data-
base scanned. The following MeSH resulted in the selection:
“Achondroplasia” AND “Orthodontics” OR “Oral Surgical
Procedures” AND “Humans”. A detailed document on the
research strategy was made available online at the link [21].
All searches were finalised by December 2024, and the results
were imported into systematic review management software
(Covidence) to manage screening and organisation of the final
database. The detailed search strategies for each database, in-
cluding keywords, MeSH terms, and Boolean operators used,
are provided in the Data S1.

The criteria used for inclusion/exclusion were divided into sec-
tions: population, treatment and outcomes. For the population
included: only human patients of any age with a genetically
confirmed diagnosis of achondroplasia (FGFR3 mutation or
explicit genetic confirmation reported) presenting craniofa-
cial alterations attributable to their genetic condition. For the
intervention: only studies reporting at least one intervention
among orthodontic treatment (fixed, removable, interceptive,
or comprehensive), orthopaedic and functional treatment (rapid
maxillary expansion, facemask) orthognathic and craniofacial
surgery or multidisciplinary were considered. The outcomes in-
cluded skeletal or occlusal changes registered at the beginning
and at the end of the treatment.

2.5 | Study Selection

Two reviewers among the authors were encharged of the study
selection (**; **). In case of discrepancies a third senior re-
searcher among the authors was selected to confirm the final
decision. The articles were imported in two digital managers
Rayyan (Qatar Computing Research Institute, Doha, Qatar)
and Endnote (v. X8, Clarivate Analytics, London, UK). The
software allowed to exclude possible duplicates and to check
the references of each selected manuscript. Due to the initial
screening the collected studies did not present consistent final
outcomes to support a metanalysis study. Therefore, due to in-
sufficient statistical data metanalysis was not possible.

The articles, after exclusion, were screened according to their
Title and Abstract and included or excluded according to the
relevance to the topic. In detail any orthodontic treatment in at
least one human patient presenting any form, and genetic mani-
festation of confirmed Achondroplasia was considered. In detail
the orthodontic treatment comprised: orthodontic or combined
orthodontic-orthopaedic/orthognathic surgical interventions,
reported alone or as part of a multidisciplinary management
approach. An overview of the selection process was made in ac-
cordance with the PRISMA guidelines and displayed through a
diagram (Figure 1).

2.6 | Data Collection and Synthesis

Once selection the criteria were applied, the final list of included
manuscript was edited and the full text of each manuscript was
attained through access grande by the library of the institu-
tions of the authors. When the option was not available, each
Journal's editorial office was contacted, when unresponsive the
authors contacted directly the corresponding authors. The fol-
lowing data was extracted:

Study details: Author(s), year of publication, journal, country,
study design.

Population: Number of participants, age range, sex, diagnostic
criteria for ACH, relevant comorbidities, pharmaceutical ther-
apy/previous interventions.
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FIGURE1 | Shows the Prisma diagram of the study.

Orthodontic diagnosis and skeletal class (prior to the
treatment).

Interventions: Type of orthodontic appliance(s) used, adjunctive
therapies (e.g., orthopaedic expansion, functional appliances,
surgical treatment) divided into: orthopaedic, orthodontic and
surgical, duration of the treatment, compliance.

Comparison(s): Control groups (if available) or standard refer-
ence values.

Outcomes and key findings: Quantitative or qualitative mea-
sures of occlusal changes, facial skeletal alterations, airway as-
sessments, adverse events, outcomes, statistical results, effect
sizes (if reported), overall conclusions.

4
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Follow-up: Duration and intervals of follow-up, long-term stabil-
ity and complications.

The extraction was carried out by the same authors who led the
study selection and discrepancies were solve by the intervention
of a third expert reviewer among the authors. The domains of
data extraction were made a priori according to Cochrane and
Prisma recommendations.

2.7 | Risk of Bias

To assess the quality and reliability of the included studies,
two reviewers utilised a standardised tool specific to each
study design: Joanna Briggs Institute (JBI) critical appraisal
tools for Case Reports and Case Series Adapted checklists [22].
Disagreements were resolved by discussion and by consulting a
senior researcher among the authors. The final results were con-
sidered upon finalisation, and a high presence of unclear, partial
or “no” scores would decrease the final weight of the conclusion
taken on the corresponding manuscripts with low scores.

2.8 | Implications for Practice and Guidelines
Proposal

Based on the synthesised evidence, clinical recommendations
will be formulated addressing:

Early Interceptive Orthodontics: Ideal timing and types of
appliances.

Growth Monitoring: Integration with paediatric endocrinology,
especially in patients undergoing GH or vosoritide therapy.

Skeletal Discrepancy Management: Criteria for orthognathic
surgery, role of maxillary expansion, and functional appliances
in midfacial hypoplasia.

Multidisciplinary Collaboration: Coordination with otolaryn-
gologists, geneticists, and orthopedists to evaluate airway and
skeletal development.

The proposed guidelines will be structured to address prena-
tal consultation, early childhood interventions, adolescent and
adult considerations, and long-term follow-up.

3 | Results
3.1 | Study Selection

According to our research conducted in the selected database,
a total of 60 manuscripts were initially retrieved, through data-
base searching (PubMed, Embase, Scopus, Cochrane Library).
Additional sources as grey literature, or conference proceed-
ings were also screened. After removing duplicates, 23 stud-
ies remained. Following the initial title/abstract screening, 18
full-text articles were assessed for eligibility; of these, 5 were
excluded (reasons included: no orthodontic treatment reported,
no confirmed achondroplasia diagnosis, or non-human study),

leaving 13 articles for qualitative synthesis and ROB analysis. A
full summary is available on Table 1.

A PRISMA flow diagram summarising the selection process is
presented in Figure 1.

3.2 | Overview of Included Studies

Among the 13 included papers the majority (n=11) were single-
case reports [11, 19, 22-33]. A smaller subset (n=2) reported on
multiple patients (>2 patients, but with no controls) presenting
case series design [18-34].

Other Publication Types (e.g., short letters, textbook chapters,
editorials): These were generally excluded or had limited data to
be included in the final selection, and especially did not include
a detailed description of the treatment, nor the follow-up.

The publications found were originally published from 1989
to 2023, with most articles published in the past two decades.
Geographically, studies originated from various regions (North
America, Europe, Asia, the Middle East), showing a broad inter-
national interest in achondroplasia management.

3.3 | Participants Demographics and Age

All included studies involved patients carrying a confirmed
genetic diagnosis of achondroplasia (ACH). Age Range at
Treatment: Paediatric cases typically ranged from 6 to 14 years,
a cohort of younger patients was also included ranging from the
age of 3years to 6years, whereas some reports also addressed
adult patients (18+) a threshold of 16years can be used to dis-
tinguish predominantly growth-modifiable from post-growth
treatment phases. A few documented older adolescents or young
adults up to 23years. Limited details were provided, but overall
there was a partially equal male-female distribution across the
combined dataset; several papers (especially older case reports)
did not explicitly mention sex of the patients.

3.4 | Study Designs and Treatment Types

All included studies were observational (case report/series).
No randomised controlled trials (RCTs) or large cohort studies
were identified, reflecting the rarity of clinically oriented ACH
studies and the typical reliance on individual or small-group
reports.

3.4.1 | Orthopaedic and Orthodontic Interventions

Rapid Maxillary Expansion (RME) was described in several
paediatric cases to address midfacial deficiency and transverse
maxillary constriction. RME often coincided with positive air-
way changes (improvements in nasal airflow), although the fol-
low-up periods were medium to short (6-24 months).

Functional Appliances (facemask or removable functional ap-
pliances) were occasionally used in younger patients showing
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a Class III tendency from midface hypoplasia, showing great
results.

3.4.2 | Orthodontic Mechanics

Fixed Appliance Therapy: Many case reports showed compre-
hensive fixed appliances (brackets and wires), but they were al-
ways combined with surgical extraction or maxillofacial surgery.

Extraction vs. Non-extraction: Decisions typically depended
on crowding severity and skeletal discrepancy. Several authors
noted caution with extractions in ACH, where midfacial defi-
ciency might be exacerbated by further retraction of anterior
teeth, while some others adopted a maxillofacial surgical ap-
proach, while a few studies included both extraction and maxil-
lofacial surgery.

3.4.3 | Surgical Interventions

Orthognathic Surgery: Some adolescent or adult patients under-
went maxillary advancement (Le Fort I) or bimaxillary proce-
dures to correct skeletal Class III or severe open bite.

Midface Distraction was reported in a small subset (2-patient
case series) addressing airway compromise and severe midfacial
hypoplasia. “Surgery-First” Approach: One recent case (Kau
et al. [31]) applied a surgery-first protocol for time efficiency,
demonstrating short-term success but lacking long-term data.
Overall, the primary rationale was to correct Class III relation-
ships, manage crowding, or expand the transverse dimension
and mitigate airway issues.

3.5 | Follow-Up Duration and Outcomes

Short-Term Follow-Up (6-12months) was most common.
Several reports described treatment completion but gave limited
post-treatment stability data.

Medium-Term Follow-Up (up to ~24-36 months) appeared in a
few older case reports (e.g., Dunbar et al. [26], with ~3-year fol-
low-up) and in some surgically treated cases.

Long-Term Data (beyond 3years) were rarely documented, lim-
iting conclusions about stability.

Reported Outcomes:

Dental: Improved occlusion, alignment, resolution of crowding
or crossbite.

Skeletal: Increased SNA angle (maxillary advancement) or im-
proved midfacial contour in surgical/distraction cases.

Airway: Some studies reported subjective improvements in
nasal breathing or polysomnography changes (when airway
compromise was documented), although objective measures
were rarely standardised.

3.6 | Risk of Bias (R.0.B.)
Using the Joanna Briggs Institute (JBI) Critical Appraisal Tools:

Case Reports (11 Items): Most achieved a “Yes” for describ-
ing patient demographics, clinical details, and interventions.
However, adverse events were often unclear or not reported, and
longer-term stability was rarely addressed.

Case Series: Most lacked explicit inclusion criteria, had very
small samples (often 1-5 patients), and did not address whether
cases were consecutive or if any were excluded. Statistical anal-
yses were often minimal or absent. The included studies largely
fell under a moderate to high risk of bias. The single-patient
designs inherently limit generalizability, and methodological
details (ethics approval, adverse event tracking) were often in-
complete or missing.

In general, the tool described a low to medium risk of bias, with
some moderate/high exception, the most common missing item
was the lack of adverse events description, followed by the lack
of follow-ups and the lack of systemic conditions of the patient.
However, in general, the case reports can be described as mostly
reliable for this type of study design. All the results were synthe-
sised in Table 2. Since most of the studies had similar scores, all
were considered for the final conclusions taken.

3.7 | Preliminary Guidelines

Functional orthopaedic treatment plus orthodontics was suc-
cessful in most III class cases: 12 yo described by Mori et al. 11
yo by Dunbar et al., 11 yo Gurdan et al. up to the age of 16 treated
by Celenk et al.; also it was described as successful in one II
class, 10 yo by Ohba et al. It resulted unsuccessful in one male
who was treatment with maxillary fixed plates (11 y.o) by Pineau
et al. in a case series composed of three patients in total. These
patients benefited from early orthopaedic protraction with face-
mask or expansion appliances, followed by multibracket sys-
tems or fixed appliances. Out of those patients 3 of them were
followed for long term stability with good results.

The patients who did not receive functional treatment were all
older than 12, out of which all of them (8 in total) reported good
results, and malocclusion resolution but only two of them re-
ported follow-ups. This group, however, had to be treated sur-
gically with extractions in 4 cases, and maxillofacial surgery in
5 cases, no case sustained orthodontics without surgery nor ex-
tractions, but one case sustained only 1 tooth extraction (lower
later incisor). What is not known to the researchers and cannot
be drawn from the studies selected is if surgery was planned as
part of the treatment, or if orthodontics failed and surgery was
required after.

Finally, the latest group which sustained maxillofacial only
treatment achieved good results: early treatment of airway
obstruction using midface surgical distraction in very young
children (Elwood et al. ages 3 and 6) resulted in decannulation
of tracheostomies and marked improvement in upper airway
dimensions, underscoring the functional priority of surgical
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intervention in obstructive sleep apnea (OSA) cases. A summary
table resumes the collected evidence (Table 3).

The following guidelines can be drawn: early orthopaedic in-
tervention using facemask or rapid maxillary expansion com-
bined with multibracket orthodontics demonstrated consistent
success in patients aged 10-16years with Class III, Class II, and
even Class I malocclusions. Among these cases, most achieved
favourable outcomes, with long-term stability confirmed in
several patients over 16years of age required more invasive ap-
proaches, either extractions or maxillofacial surgery, to achieve
malocclusion correction. Although short-term outcomes in this
older cohort were satisfactory, long-term follow-up was reported
in only a minority of the studies.

Several studies reported improvements in airway-related symp-
toms following orthopaedic or surgical interventions, par-
ticularly rapid maxillary expansion and midface distraction.
However, airway outcomes were predominantly described qual-
itatively. Objective measurements such as polysomnography,
rhinomanometry, or standardised imaging-based airway volu-
metry were inconsistently reported and not comparable across
studies [35]. Overall, these findings were synthesised in a age-
stratified treatment planning: non-surgical orthopaedic-ortho-
dontic therapy is generally described as effective and stable in
younger individuals, while combined surgical approaches ap-
pears to become necessary in post-growth patients.

4 | Discussion

The present systematic review provides the most up-to-date
synthesis of orthopaedic, orthodontic and orthognathic inter-
ventions in achondroplastic individuals, encompassing 13 pub-
lications (11 single-case reports and 2 small case series) that
span more than three decades. Although the heterogeneity and
small sample sizes did not allow quantitative pooling, several
clinically relevant patterns emerged which were collected in a
comprehensive guideline. More efforts are needed to increase
the validity of the craniofacial treatment on ACH patients
and to provide solid guidelines for the clinicians [36-39]. The
guidelines should be treated as starting point extracted from
a 3 decades long literature for a rare condition, and not as an
absolute mean in decision making, whereas different factors
and the variability of syndromes should be taken with care. In
parallel, future research should explore the potential synergistic
effects of emerging pharmacological therapies, such as vosorit-
ide, when combined with orthodontic or maxillofacial surgical
interventions. However, given that vosoritide received FDA ap-
proval only recently (2021-2023), it remains premature to assess
its impact on orthodontic treatment completion, which typically
requires multi-year follow-up to reach definitive outcomes.
Airway outcomes represent a clinically relevant but under-
quantified domain in the available literature. Most included
studies relied on subjective symptom improvement or clinically-
oriented indicators or symptoms analysis.

Given the premises, we could synthetize a few useful recom-
mendations. Interceptive orthopaedic/orthodontic protocols
applied during the first and early second decades of life (10-
16 years) yielded reproducibly favourable outcomes. Facemask

Shows the summarised evidence of the treatment possibilities during the different stages of growth.

TABLE 3

Maxillofacial surgery

No. of

Treatment Outcome or extraction required

Representative studies

cases

Age range

Group

Facemask OR Successful; 3 had long- No

RME + multibracket

Mori, Dunbar, Gurdan,

5

10-16years

Functional

term stable results

Celenk, Ohba

Orthopaedics + Orthodontics

systems

Yes — 4 extractions,

Orthodontics + Good short-term outcomes;

8 Karpagam, Kau, Govindraj,

>12years

Orthodontics + Maxillofacial

Surgery OR Extractions

extractions and/ only 2 long-term follow-ups 5 surgeries

Rosaline, Denny, Lueves

or surgery

Yes - distraction

Midface distraction Successful decannulation;

Elwood

3-6years

Surgery Only (Airway Focused)

osteogenesis

airway improved
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protraction or rapid maxillary expansion (RME) followed by
comprehensive fixed appliances corrected Class III, Class II
and Class I malocclusions in 5 of 6 analysed patients, with
documented long-term stability in three cases [40-42]. These
findings reinforce the biological advantage of utilising the re-
maining mid-facial growth potential before synchondrosis clo-
sure and mirror principles long applied to non-syndromic Class
III correction. Evidence from adolescent cohorts indicates that
early correction of maxillary constriction can improve occlusal
and functional outcomes and should inform timing decisions
in syndromic patients [43]. However, it should be treated with
caution as some patients were described as hyperactive or pre-
senting low compliance, which is fundamental in this type of
treatment [44, 45].

By contrast, patients treated after cessation of active growth
(>16years) almost invariably required either tooth extractions or
maxillofacial surgery (or even both in one case). While short-term
occlusal goals were achieved, only two reports provided follow-up
beyond 24 months, leaving stability uncertain. Mid-facial hypo-
plasia and a constricted nasopharyngeal airway are hallmarks of
achondroplasia. Two early-childhood cases (3 y and 6 y) treated
with midface distraction demonstrated decannulation and poly-
somnographic normalisation, underlining that airway patency
may supersede occlusal objectives in very young, symptomatic
patients, but if they are present in mild manifestations they can
be improved with orthopaedic/orthodontic treatment. In fact, in
the orthodontic cohort RME frequently produced subjective or
rhinometric improvements in nasal airflow, although airway as-
sessment tools and length of observation were inconsistent across
studies. Future reports should incorporate standardised polysom-
nography or cone-beam CT volumetry to quantify airway volume
and to register improvements [46].

From the pharmacological side, only two publications explicitly
reported recombinant growth-hormone administration during
dental treatment, and no study included patients receiving the
recently approved C-type natriuretic peptide analogue, vosorit-
ide. Given the accelerating uptake of pharmacological growth

modulation, prospective registries are needed to clarify whether
altered craniofacial trajectories mandate protocol adjustments
or modified retention schemes [13].

Application of the JBI critical appraisal tools revealed a pre-
dominantly moderate risk of bias; deficiencies most frequently
related to incomplete adverse-event reporting, short follow-up
periods, and the absence of consecutive patient inclusion.
Patient-reported outcome measures (PROMs) and satisfac-
tion are important endpoints in craniofacial interventions and
should be included where available [47]. While case reports and
case series remain invaluable in rare disorders, their imitations
necessitate very cautious extrapolation. Rare-disease case re-
ports, in fact, are inherently prone to positive-outcome bias, and
should be taken with care. Furthermore, the nature of the stud-
ies limits the presence of standardised outcome measures (such
as cephalometric endpoints, airway indices, or patient-reported
outcomes) over more than three decades. For what concerns
the respiratory results standardised outcomes such as polysom-
nography (AHI, oxygen desaturation index), CBCT-based upper
airway volumetric analysis should be included in future pro-
spective studies and registries.

Multicentre prospective cohorts with uniform outcome metrics
and longer follow-ups would upgrade the overall evidence.

4.1 | Implications for Practice and Guidelines
Synthesised evidence supports a staged approach (Table 4):

<16years: early RME *facemask to harness growth, minimise
need for extractions, and potentially mitigate obstructive sleep-
apnoea risk.

> 16years: combined orthodontic—surgical plans should be an-
ticipated and discussed early with patients and families, em-
phasising realistic expectations regarding stability and airway
benefits.

TABLE 4 | shows the collected evidence and guidelines for the treatment of the Achondroplastic patient.

Macxillofacial surgery

Age range Treatment Class Expected outcome or extraction required
10-16years Facemask OR 11T Successful 3/4; 2/4 had No
RME + multibracket systems long-term stable results
10-16years Facemask OR II Successful 1/1 with long- No
RME + multibracket systems term stable results
10-16years Facemask OR I Successful 1/1 with long- No
RME + multibracket systems term stable results
>16years Orthodontics + extractions 111 Good short-term outcomes; 2 Yes, extraction 4/9 or
and/or surgery long-term follow-ups confirmed maxillofacial surgery 5/9
>16years Orthodontics + extractions I Good short-term outcomes 1/1. Yes, maxillofacial
and/or surgery surgery 1/1
< 6years Midface distraction N/a Successful decannulation; N/a
airway improvement
16 Orthodontics & Craniofacial Research, 2026
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Any age with severe airway compromise: priority consideration
for maxillofacial advancement or distraction, even in the pri-
mary dentition, within a multidisciplinary framework including
ENT and sleep-medicine specialists.

5 | Conclusions

Growth-guided orthopaedic protocols in achondroplastic pae-
diatric and adolescent patients reliably correct transverse and
sagittal discrepancies with less need for surgery. Early maxillary
protraction should be considered before cranial-base synchon-
drosis closure to exploit residual growth potential. After growth
completion, orthodontic decompensation alone is seldom suffi-
cient; Le Fort I advancement, bimaxillary procedures, or distrac-
tion osteogenesis become integral to comprehensive care along
with possible extractions. Virtual surgical simulation is recom-
mended to anticipate segment stability in a hypoplastic mid-face.
In cases with documented obstructive sleep apnoea, midface ad-
vancement can be considered in early age, routine polysomnog-
raphy is advised prior to initiating maxillary expansion, given the
high prevalence of sleep-disordered breathing.

However, the current literature is mostly confined to case report
evidence designs, with scarce long-term stability data and no in-
formation on patients undergoing modern biological therapies
for this reason the underlying evidence is low. Patients receiving
pharmacological treatment should undergo frequent cephalo-
metric or tridimensional CBCT monitoring until growth comple-
tion. High-quality prospective trials and registries are needed.
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