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ARTICLE INFO ABSTRACT

Handling editor: A. Verloes The clinical features of achondroplasia can cause acute self-limited pain that can evolve into chronic pain. Pain
causes a low quality of life, in terms of physical, emotional, social, and school functioning in both adult and

Keywords: children with achondroplasia. We conducted a systematic review according to the Preferred Reporting Items for

Acute pain

Systematic reviews and Meta-Analyses (PRISMA) statement to describe prevalence, assessment tools, causes and
management strategies of pain in this rare disease. We found that shoulder and knee pain is typically referred
during infancy, while knee pain is generally referred around 5-6 years of age. The prevalence of general pain in
adolescence can be as high as 90%. Chronic pain in the achondroplasia population increases with age, with up to
70% of adults reporting general pain and back pain. Recognizing the multiple determinants of acute and chronic
pain in patients with achondroplasia may enable physicians to better understand and manage this burden,
particularly with the advent of new drugs that may modify some of the striking features of achondroplasia.
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Abbreviations

ACEM-Symptom Achondroplasia Child Experience Measures
Symptom scale
ACH achondroplasia

AS ankylosing spondylitis

BMD bone mineral denisty

BPI Brief Pain Inventory

CHAQ  Childhood Health Assessment Questionnaire
LCH Langerhans cell histiocytosis

MMPQ Modified Mc Gill Pain Questionnaire

OSA obstructive sleep apnea

PRISMA Preferred Reporting Items for Systematic reviews and
Meta-Analyses
QOL quality of life

SS spinal stenosis
STEMS  Screening Tool for Everyday Mobility and Symptoms
TLK thoracolumbar kyphosis

1. Background

The higher prevalence of pain and pain-related diseases is one of the
root causes of disability and disease burden worldwide (GBD 2019
Diseases and and Injuries Collaborators, 2020). Striking clinical features
of achondroplasia (ACH) can cause self-limited acute pain that can
develop into a chronic, co-morbid illness interfering with daily activities
(Tucker-Bartley et al., 2021; Maghnie et al., 2023). ACH arises from a
mutation in the fibroblast growth factor receptor-3 (FGFR3) gene that
leads to a defect in endochondral ossification, which results in rhizo-
melic limb-shortening and spinal column abnormalities (Bellus et al.,
1995; Hong et al., 2011a; Pauli, 2019). Other manifestations of ACH
include small stature, macrocephaly, midfacial retrusion, small chest,
thoracolumbar kyphosis, lumbar hyperlordosis, limited elbow exten-
sion, short finger and trident configuration of the hands, hypermobile
hips and knees, bowing of the mesial segment of the legs and hypotonia
(Pauli, 2019). Oral findings include anterior open bite, malocclusion and
protrusive maxillary incisors (Celenk et al., 2003; Karpagam et al., 2005;
Brook and Winter 1970).

Functional performance across self-care and mobility skills, assessed
through the WeeFIM-II scale, is commonly delayed up to the age of 7
years resulting in instensified physical caregiver support for everyday
tasks (Ireland et al., 2011).

Although pain has been frequently reported especially in adulthood,
a comprehensive analysis focused on this issue is lacking. Hence, due to
its relevance, the present review aims to describe prevalence, assessment
tools, causes and management strategies of pain in ACH.

2. Methods

This systematic review has been registered on the International
prospective register of systematic reviews (PROSPERO) website
(https://www.crd.york.ac.uk/prospero/; registration number:xx).

2.1. Search strategy

RO. and ES. conducted a thorough electronic literature search of the
databases PubMed (MEDLINE), Scopus, Cochrane Library, and CINAHL
(EBSCO). Text words and Medical Subject headings (MeSH) were used
and Boolean operations including “AND”, “OR”, “NOT” were merged to
form search phrases (Table 1). MeSH words contained two major com-
ponents: terms pertaining to pain and terms referring to the target
population, namely individuals suffering from ACH.
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Table 1
Search methodology.

Database Search strategy

PubMed 1. (pain [Text Word])
2. (achondroplasia [MeSH Terms]) OR (skeletal dysplasia [Title/
Abstract])
3. (1) AND (2)
4. (3) AND English AND Humans
1. (TITLE-ABS-KEY (pain)
2. (TITLE-ABS-KEY (achondroplasia) OR TITLE-ABS-KEY (skeletal
AND dysplasia)
3. (1) AND (2)
4. (3) AND (LIMIT-TO (LANGUAGE, “English™)
Cochrane 1. (“pain”).mp. [mp = ti,ab,kw]
Library 2. (“achondroplasia"):ti,ab, kw OR (skeletal dysplasia):ti,ab,kw
4
1
2,
3

Scopus

. (1) AND (2)

. TI pain

. AB (achondroplasia OR skeletal dysplasia)
. (1) AND (2) limited to English Language

CINAHL

2.1.1. Study eligibility

Following the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) checklist (Page et al., 2021) (Supplementary
Table 1) and after removing duplicates, all full text articles were
screened by two independent researchers; any discrepancies were solved
in a consensus meeting. The articles were included if they reported on
pain epidemiology, assessment and management in both the paediatric
and adult ACH population, that were freely-available, and written in
English. No date limit was set, to avoid excluding potentially useful
publications.

3. Results

The initial literature search yielded 512 articles. Duplicates (n =
300) were excluded and the remaining 192 “full-text” manuscripts were
reviewed. Agreement between the two independent researchers
reviewing the articles was high (Cohen’s Kappa >0.8). Of the total, 84
studies met the inclusion criteria (Supplementary Fig. 1).

A thematic synthesis of assessment instruments, causes of pain,
allocation of pain, correlation with age, and possible management
strategies is outlined as follows.

3.1. Assessment instruments

Numerous tools to assess the presence, distribution and intensity of
pain in the ACH population from childhood to adulthood have been
published in the English-language medical literature. Some of those
instruments have been specifically developed for ACH population, while
others were first intended for the general population and have since
been adapted for this specific condition.

The Achondroplasia Child Experience Measures Symptom scale (ACEM-
Symptom), along with the ACEM-Impact scale, was developed by
Pfeiffer et al. as the first observer-reported outcome measures of physical
symptoms/complications of ACH in children. The ACEM-Symptom
comprises eight primary symptoms/complications including pain and
can be administered to children between the age of 2-12 (Pfeiffer et al.,
2021). In addition, for the pediatric population, the Childhood Health
Assessment Questionnaire (CHAQ) version adapted for ACH, assesses the
burden of pain through a 100 Visual Analogue Scale (VAS). Specifically,
the CHAQ also measures the impact of the condition on physical func-
tioning in eight domains (dressing and grooming, arising, eating,
walking, hygiene, reach, grip, and activities). The CHAQ is advised for
use with children 0-19 years old; self-report (PRO completion) is rec-
ommended for children aged >8 years, while caregiver report (ObsRO
-Observer Reported Outcome-completion) is recommended for child-
ren <8 years old (Singh et al., 1994; Klepper, 2011; Aldhouse et al.,
2022). Along with questionnaires specifically designed to measure pain,
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the Quality of Life in Short Stature Youth (QoLISSY) questionnaire has
been administered to better assess the health-related quality of life
(HRQOL) in short stature youth (Aldhouse et al., 2022).

The burden of orthodontic pain resulting from craniofacial abnor-
malities intervention in ACH adolescents have been recently investi-
gated (Meazzini et al., 2020). The authors used the Modified Mc Gill Pain
Questionnaire Short Form (MMPQ-SF) (Iwasaki et al., 2013).

Alternatively, the Screening Tool for Everyday Mobility and Symptoms
(STEMS) is a scale designed to record also pain and/or fatigue and their
effects on daily activity levels and to provide a standardised screening
tool to monitor pain in both children and adults with skeletal dysplasia
(Ireland et al., 2021).

In the Fredwall et al. study on adults with ACH (Fredwall et al.,
2020), pain location and intensity were measured using a pain drawing
along with a 10-point Numeric Rating Scale (0 = no pain, 10 = worst
pain you can imagine) derived from the Norwegian Pain Society Minimum
Questionnaire (NOSF-MISS) [20. Using this assessment approach, pa-
tients are asked to score the highest severity for each pain site they
experienced in the preceding week.

Ultimately, the Brief Pain Inventory (BPI), commonly used in average
stature patients to assess pain intensity and interference with daily
function (Cleeland and Ryan, 1994), has been actually used in the short
stature skeletal dysplasia adult population in the Alade et al. study
(Alade et al., 2013) (Table 2).

3.2. Causes of pain and management approaches (Tables 3 and 4)
3.2.1. Neurological issues

3.2.1.1. Spinal stenosis. Morphological anomalies of the spinal canal
and the vertebrae are already present at birth and progressive narrowing

Table 2
Description of included assessment instruments according to ages in the ACH
population.

Instrument Ages Domain assessed Scoring system
ACEM-s (Pfeiffer Infancy Physical 5-point Likert-type
et al.,, 2021) symptoms/ scale
Complications
including Pain
CHAQ ObsRo Infancy Physical 0-100 VAS
completion (Singh functioning and
et al., 1994; Pain
Klepper, 2011;
Aldhouse et al.,
2022)
CHAQ PRO Adolescence  Physical 0-100 VAS
completion (Singh functioning and
et al., 1994; Pain
Klepper, 2011;
Aldhouse et al.,
2022)
STEMS (Ireland All ages Mobility aids Combination of two
et al.,, 2021) usage and Pain number (1-5) and
letter (A-C) Likert-
type response scale
MMPQ-SF (Iwasaki Adolescence  Orthodontic pain 4-point Likert scale
et al., 2013)
NOSF-MISS ( Adulthood Pain intensity 11 point (0-10) NRS
Fredheim et al.,
2008)
BPI (Cleeland and Adulthood Intensity of pain 11 point (0-10) NRS
Ryan, 1994) Interference of

pain in the
patient’s life

ACEM-Symptom: Achondroplasia Child Experience Measures Symptom scale;
ACH: achondroplasia; BPI: Brief Pain Inventory; CHAQ: Childhood Health
Assessment Questionnaire; MMPQ-SF: Modified Mc Gill Pain Questionnaire
Short Form; NRS: numeric rating scale; STEMS: Screening Tool for Everyday
Mobility and Symptoms; VAS: Visual analogue scale.
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Table 3

List of the main causes of pain according to ages in the ACH population.
Ages Reported causes of pain
Infancy Cervical medullary compression (Ryken and Menezes, 1994)

Thoracolumbar kyphosis (Bodensteiner, 2019; Engberts et al., 2012)
Hydrocephalus (Kubota et al., 2020; King et al., 2009)

Obstructive apnea (Pauli, 2019; Collins and Choi, 2007; Sisk et al.,
1999; Loh et al., 1999; Zaffanello et al., 2017)

Genu varum (Brooks et al., 2016; Lee et al., 2007)

Treatments for small stature (NiMhurchadha et al., 2023; Donaldson
et al., 2015; Kim et al., 2014; Correll, 1991; Kashiwagi et al., 2001;
Lavini et al., 1990; Hosny, 2020; Al Harby, 2009)

Spinal stenosis (Fredwall et al., 2020; Singh et al., 1994; Chen et al.,
2017)

Cervical spinal cord infarction (NiMhurchadha et al., 2023)

Genu varum (Brooks et al., 2016; Lee et al., 2007; Llerena et al.,
2022; https://posna.
org/physician-education/study-guide/achondroplasia; Kurian

et al., 2019)

Discoid lateral meniscus
Degenerative osteoarthritis (Karpagam et al., 2005; Ain et al., 2010;
van den Broek et al., 2017a; Dhiman et al., 2017; Pfeiffer et al.,
2022; Hunter et al., 1998)

Treatments for small stature (NiMhurchadha et al., 2023; Donaldson
et al., 2015; Kim et al., 2014; Correll, 1991; Kashiwagi et al., 2001;
Lavini et al., 1990; Hosny, 2020; Al Harby, 2009)

Spinal stenosis (Fredwall et al., 2020; Fano et al., 2022; Chen et al.,
2017)

Obesity (Ceroni et al., 2018)

Degenerative osteoarthritis (Karpagam et al., 2005; Ain et al., 2010;
van den Broek et al., 2017a; Dhiman et al., 2017; Pfeiffer et al.,
2022; Hunter et al., 1998)

Ankylosis spondylitis (Randolph et al., 1988)

Caesarean delivery (Melekoglu et al., 2017)

Inguinal herniation (Mantle and Kingsnorth, 2003)

Adolescence

[55,56

Adulthood

of spinal canal in association with other factors leads to “spinal stenosis”
(SS).

Symptomatic SS, with the compression of the spinal cord or nerve
roots, occurs in 20%-50% of patients with ACH in adolescence or
adulthood (Fano et al., 2022). The upper lumbar segment is most often
affected (Chen et al., 2017). Characteristic symptoms of SS are back pain
and/or radiating pain into the buttocks or the legs, exacerbated by
prolonged walking, standing or lumbar extension, and resulting in
decreased walking distance (Pauli, 2019; Fredwall et al., 2020;
Schkrohowsky et al., 2007).

The delayed occurrence of clinical symptoms related to narrow
thoracho-lumbar canal may be explained by the pathogenetic role of
acquired cofactors as prolapse of intervertebral disks, hypertrophy of the
ligamentum flavum, and for degenerative spondyloarthrosis (Fortuna
et al., 1989; Ain et al., 2010). This condition rarely develops before the
age of 15 years (Chen et al., 2017) and the prevalence of SS is known to
increase with age (Fredwall et al., 2020).

There are currently no widely accepted quantitative criteria for the
diagnosis of SS in the general population or in individuals with ACH
(Suri et al., 2010). The North American Spine Society guidelines suggest
applying a combination of characteristic symptoms and SS reports to
establish the diagnosis of SS (Kreiner et al., 2013). In this regard, Cal-
andrelli et al. recently suggested a reduction of upper lumbar canal
width by more than 60% to be the critical point of SS, capable of pre-
dicting the development of neurological signs and symptoms in ACH
adulthood (Calandrelli et al., 2022). SS is often initially managed using
nonsurgical approaches (e.g., utilizing analgesics, non-steroidal anti--
inflammatory drugs, epidural steroid injections, and physical therapy)
(Comer et al., 2022). Surgical decompression is indicated when pain
cannot be controlled, ambulation is severely compromised, or bowel/-
bladder dysfunction occurs (Hoover-Fong et al., 2021; Baca et al., 2010;
Hong et al., 2011b).

3.2.1.2. Cervical medullary compression. Ventral and dorsal cervical
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Table 4
List of the main signs and symptoms of pain according to pain site.
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Site Cause Signs and symptoms Management strategy
Brain Hydrocephalus Headache, Lethargy, Ventriculoperitoneal shunts (Kubota et al., 2020; King et al., 2009)
Irritability
Anterior fontanelle
bulging
Upper airway OSA Headache Multilevel surgical interventions (Tenconi et al., 2017; Dehlink and Tan,
2016)
Continuous positive airway pressure (CPAP) (Tenconi et al., 2017; Dehlink
and Tan, 2016)
Temporomandibular Ankylosing spondylitis ~ Local pain Pharmacological approaches (Randolph et al., 1988)
joint

Spinal cervical region

Cervical medullary

Hypotonia (infancy)

Surgical decompression (Ryken and Menezes, 1994)

compression Ataxia
Apnoea
Spinal lumbar region Lumbar spinal stenosis ~ Back pain Surgical decompression (Hoover-Fong et al., 2021)
Buttocks and leg pain Pharmacological approaches (Comer et al., 2022)
Incontinence
Spinal thoracolumbar Thoracolumbar Back pain Thoracolumbar orthosis (Misra and Morgan, 2003)
region kyphosis Bilateral leg pain Pharmacological approaches (Comer et al., 2022)
Claudication
Knee Genu varum Local pain Physiotherapy (Kim et al., 2011)
Discoid lateral Instability Orthosis (Kurian et al., 2019; Hoernschemeyer et al., 2016; Atanda et al.,
meniscus 2016; Zmerly et al., 2021; van den Broek et al., 2017b; Sewell et al., 2014)
Degenerative Surgical treatment (Kurian et al., 2019; Hoernschemeyer et al., 2016; Atanda
osteoarthritis et al., 2016; Zmerly et al., 2021; van den Broek et al., 2017b; Sewell et al.,
Obesity 2014)
Limb Small stature Pain due to injections Pharmacological approaches (Lavini et al., 1990; Hosny, 2020; Al Harby,
treatments Pain due to limb 2009)

lengthening surgery

medullary compression with or without basilar invagination and ante-
rior pons indentation with upward brain stem displacement are frequent
manifestations (Ryken and Menezes, 1994). Occipital-cervical pain is
one of the symptoms, along with ataxia, incontinence and apnea.
Symptoms are nonspecific in infancy, and young ACH patients with
foramen magnum stenosis may only manifest hypotonia.

Surgery may reveal a marked dorsal and paramesial overgrowth of
the rim of the foramen magnum, with thickening and invagination of the
posterior atlantal arch and a dense fibrotic epidural band resulting in
dorsal cervical medullary compression (Ryken and Menezes, 1994).
Stanfontadard assessment comprises the imaging of the craniocervical
junction along with neurologic examination and polysomnography
(Pauli, 2019). Cervical medullary compression can be successfully
treated with dorsal decompression of the craniovertebral junction
(Ryken and Menezes, 1994).

3.2.1.3. Hydrocephalus. Headache can be a symptom of true hydro-
cephalus, namely ventricular enlargement accompanied by neurological
symptoms. Other symptoms include lethargy, irritability or anterior
fontanelle bulging. True hydrocephalus in ACH is rare and less than
4.3% of ACH patients require ventriculoperitoneal shunts (Kubota et al.,
2020; King et al., 2009).

3.2.1.4. Headaches and obstructive sleep apnea. Obstructive sleep apnea
(OSA) occurs in more than 30% of ACH individuals and can increase at
any age (Collins and Choi, 2007). In children, one of the markers for OSA
is morning headaches accompanied by other features of significance,
including glottal stops and clinically observable apnea (Pauli, 2019; Sisk
et al., 1999). These headaches are of brief duration, and their occurrence
and severity increase with increasing OSA severity (Loh et al., 1999).
ACH children have significant craniofacial and airway abnormalities
that exacerbate OSA by restricting the naso-oropharyngeal cavity, that
are not addressed by common upper airway surgery (Zaffanello et al.,
2017). Hypotonia, thoracic kyphosis and pectus excavatum can further
negatively contribute to OSA (Cleeland and Ryan, 1994). Drug-induced
sleep endoscopy may be an appropriate first step to evaluate for multi-
level collapse and surgical planning (Booth et al., 2020).

Previous reported findings suggest that adenoidectomy alone may be
an ineffective first-line intervention for the ACH population, due to the
need for further operations (Booth et al., 2020; Waters et al., 1996;
Tenconi et al., 2017). Although it remains unclear which operations are
most appropriate and management recommendations for OSA in ACH
are still lacking, resolution of OSA after multilevel surgical interventions
have been reported in multiple studies (Tenconi et al., 2017).

Due to the poor treatment outcomes and persistent nature of the OSA
in this population and according to the current guidelines, postoperative
polysomnography should be pursued following sleep surgery for chil-
dren with ACH (Dehlink and Tan, 2016). Caregivers should additionally
be counseled about the need for long term clinical monitoring (Dehlink
and Tan, 2016).

3.2.2. Skeletal manifestations

3.2.2.1. Thoracolumbar kyphosis. Thoracolumbar kyphosis (TLK) is one
of the most frequent skeletal manifestations in patients with ACH. TLK is
found in nearly all ACH infants (Bodensteiner, 2019), although the
natural history of TLK is unknown (Engberts et al., 2012). In combina-
tion with the narrow spinal canal, this kyphosis can easily result in
compression of the medulla and/or the conus medullae. It produces low
back pain and bilateral leg pain. For instance, Miyazaki et al. reported a
61-year-old ACH patient with low back pain, radiculopathy and
neurogenic claudication. Plain radiographs revealed a high-grade thor-
acolumbar kyphotic deformity with diffuse degenerative changes in the
lumbar spine (Miyazaki et al., 2017). Thoracolumbosacral orthosis is
recommended in selected cases (Misra and Morgan, 2003). Specifically,
thoracolumbosacral orthosis must be tailored to the individual and is
indicated in case of appearance of anterior vertebral wedging, vertebral
offset during the observation period or progression of the kyphosis to
greater than or equal to 30°. Thoracolumbosacral orthosis must be
tailored to the individual and modified as the correction proceeds. It is
aimed at treating deformity and symptomatic improvement of thor-
acolumbar pain. (Misra and Morgan, 2003).

3.2.2.2. Genu varum. Genu varum is a prevalent orthopedic concern in
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both children and adults with ACH (Brooks et al., 2016). It can be
asymptomatic or may cause knee pain and instability compromising
physical function (Ain et al., 2010). Particularly, knee and ankle
musculoskeletal pain affects 70% of ACH children aged 4-10 years (Lee
et al., 2007). Metaphyseal irregularities and joint laxity contribute to a
common genu varum deformity and pain is caused by hypermobility
rather than deformity (Llerena et al., 2022). According to the Pediatric
Orthopaedic Society of North America, indications for surgical inter-
vention include the presence of symptomatic deformity, lateral thrust,
and/or severe malalignment (https://posna.org/physician-education/-
study-guide/achondroplasia). Specifically, Lee et al. suggest early epi-
physiodesis or partial excisional osteotomy of the proximal fibula to
minimise the progression of the genu varum deformity in severe cases
and monofocal or bifocal osteotomy before skeletal maturity at the
proximal tibia and/or distal tibia when there is symptomatic malalign-
ment (Lee et al., 2007). Mid-term results of valgus tibial and fibular
osteotomies have been reported to be successful in the ACH population.
The beneficial effects of fibular head resection and fibular epiphyseod-
esis surgery approach have not been proven yet (Kurian et al., 2019).

3.2.2.3. Discoid lateral meniscus. Knee pain in ACH patients is typically
investigated for less uncommon causes such as genu varum, ligamentous
instability, and neurogenic claudication. Although its occurrence in ACH
population is still unknown, discoid lateral meniscus may also be added
to the differential diagnosis to better understand the common com-
plaints of leg pain.

A comprehensive history and physical examination, in combination
with magnetic resonance imaging, can help making the diagnosis.
Treatment with arthroscopic debridement, saucerization of the
meniscus, and repair for unstable injuries has yielded positive outcomes
(Hoernschemeyer et al., 2016; Atanda et al., 2016).

3.2.2.4. Degenerative osteoarthritis. Skeletal dysplasia in ACH can affect
all body joints including the shoulder and knee and is prone to develop
to degenerative osteoarthritis (OA). This may cause pain and mobility
problems at young age, with consequent limit in practice sports or in
engaging daily activities. Neurological signs in the arm, shoulder and
neck have a prevalence of ~15% (Karpagam et al., 2005; Ain et al.,
2010; van den Broek et al., 2017a; Dhiman et al., 2017; Pfeiffer et al.,
2022; Hunter et al., 1998). Both conservative treatments, including pain
medication and steroidal injections and surgery have been reported
(Zmerly et al., 2021; van den Broek et al., 2017b). Although challenging,
long-term satisfactory results after reverse shoulder (van den Broek
etal., 2017b; Sewell et al., 2014) and knee arthroplasty accompanied by
physiotherapy in terms of pain relief and functional improvement have
been reported (Kim et al., 2011).

3.2.2.5. Ankylosing spondylitis. Adults with ACH are as susceptible to
other disorders as the general population. Specifically, a case of anky-
losing spondylitis (AS) has been reported in a 41-year-old man.
Temporomandibular joint pain and rigidity of the entire spine were
experienced with images showing a complete fusion of the sacroiliac
joints and fusion of the cervical vertebral bodies and apophyseal joints
(Randolph et al., 1988). Inflammation and pathological new bone for-
mation are the two most important pathological features of AS and
therapies are still in the initial stage (Long et al., 2023).

3.2.2.6. Low bone mineral density. The majority of the reported ACH
children and adults have below average bone mineral density (BMD)
(Shirazi et al., 2017; Matsushita et al., 2016; Arita et al., 2013), likely
due to the smaller achondroplasic limb length (Sims et al., 2019). BMD
increases bone fragility and can lead to back pain and vertebral fractures
(Matsushita et al., 2016; Sims et al., 2019). Therefore, BMD should
carefully be monitored. Results on the positive effect of growth hormone
therapy on BMD are not yet conclusive (Matsushita et al., 2016).
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3.2.3. Small stature treatments

Two possible treatment approaches, namely pharmacological and
surgical, exist for small stature in ACH patients. In the first scenario, the
only pharmacologic therapy approved to date to increase linear growth
is the C-Type Natriuretic Peptide analogue (called Vosoritide) (Paton,
2022; Duggan, 2021). If chosen, a recognized disadvantage will be daily
subcutaneous injections with possible site pain (Pauli, 2019; NiM-
hurchadha et al., 2023).

Alternatively, extended limb lengthening is offered as an option for
height enhancement.

A variety of techniques have been used for limb lengthening,
generally through osteotomies and gradual distraction using external
fixators (Donaldson et al., 2015). To note, limb lengthening in patients
with ACH is controversial. Although psychosocial benefits of achieving
functional height (Maghnie et al., 2023; Kim et al., 2014), risks for
disability secondary to complications have to be accounted, including
transient pain (Correll, 1991; Kashiwagi et al., 2001; Lavini et al., 1990).
One complication can be premature consolidation of the regenerated
bone due to irregular distraction of the osteotomy, especially in chil-
dren. The treatment may be re-osteotomy or continuation of the
distraction until the building force exceeds the resistance of the
consolidation and the osteotomy opens once again, with severe pain
(Hosny, 2020). Another complication reported inducing pain is sciatic
nerve neuropraxia (Al Harby, 2009). According to Paley et al. the
4-segment lengthening offer advantages over 2-segment lengthening,
reducing pain, risk of nerve injury and muscle contractures (Paley,
2021). Each patient is unique in his or her perception of pain allowing
for many combinations of analgesic strategies. Multimodal pain man-
agement therapy should be used whenever possible (Garimella and
Cellini, 2013). Anti-inflammatory drugs can be used to relieve mild to
moderate pain (Fendrick and Greenberg, 2009). The recent metanalysis
of Ghaddaf et al. found that adjuvant Botulinum toxin type A injection
confers a significant improvement in pain during surgical limb length-
ening and/or deformity without increasing the risk of adverse events
(Ghaddaf et al., 2023).

3.2.4. Others

3.2.4.1. Obesity. Obesity is highly prevalent in the ACH population
with potential neurologic and orthopedic sequela. Precisely, obesity
further aggravates SS, sleep apnea and exacerbates joint pain, particu-
larly knees (Ceroni et al., 2018). It results from a problem of energy
balance due to excessive caloric intake and lack of physical activity due
to the multiple specific challenges of the condition (Saint-Laurent et al.,
2019). Obesity first of all requires prevention as well as an early clinical
management (Comer et al., 2022; Hoover-Fong et al., 2021).

3.2.4.2. Postoperative pain. Although neglected, it is worth considering
that patients may experience acute pain as a sequela after operations (De
Benedittis et al., 1996). Most patients with ACH are eligible during their
entire lifespan for otolaryngology or neurosurgery due to the striking
clinical features of this condition. Moreover, since caesarean section for
ACH expectant mothers is inevitable due to cephalopelvic disproportion,
discomfort or pain in the first few days after delivery should be
considered (Melekoglu et al., 2017).

3.2.4.3. Anecdotal cases associated with pain. Non-traumatic cervical
spinal cord infarction with resulting quadriplegia with no apparent
cause has been reported by Wieting et al. in a 12-year-old boy with ACH.
The patient experienced a sudden onset of pain between his shoulder
blades and in his left shoulder during running. A quickly development of
numbness and weakness of legs and right arm was reported. Conserva-
tive was the choice, with methylprednisolone administration followed
by comprehensive program of physical and occupational therapy
(Wieting and Krach, 1994).
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An unusual cause of back pain lower back pain radiating to left loin
cause by inguinal herniation involving the ureter in a single ACH case
(47-year-old man) have been reported by Mantle et al. (Mantle and
Kingsnorth, 2003).

3.3. Ages

3.3.1. Pediatric age

In the Aldhouse et al. qualitative study on child experience of ACH,
pain was found to be the most frequently mentioned symptom affecting
physical functioning (Pfeiffer et al., 2021). Moreover, in the same study,
children named pain along with difficulty reaching, short height and
short limbs amongst the most bothersome aspects of ACH (Pfeiffer et al.,
2021). The Maghnie et al. multinational observational study showed
that ACH children experience a lower level of QoL if compared to their
average statured peers also because of pain (Maghnie et al., 2023).

During childhood, main reported causes of pain are cervical med-
ullary compression (Ryken and Menezes, 1994), thoracolumbar
kyphosis (Bodensteiner, 2019; Engberts et al., 2012), hydrocephalus
(Kubota et al., 2020; King et al., 2009), obstructive apnea (Pauli, 2019;
Collins and Choi, 2007; Sisk et al., 1999; Loh et al., 1999; Zaffanello
et al., 2017), genu varum (Brooks et al., 2016; Lee et al., 2007) and
treatments for small stature (NiMhurchadha et al., 2023; Donaldson
et al., 2015; Kim et al., 2014; Correll, 1991; Kashiwagi et al., 2001;
Lavini et al., 1990; Hosny, 2020; Al Harby, 2009).

In several studies shoulder and knee pain was typically reported
during infancy, while knee pain was generally reported around 5-6
years of age (Pauli, 2019; van den Broek et al., 2017a; van den Broek
etal., 2017b). The study of Hunter et al. conducted on children showed a
clear increase with age in the prevalence of back and leg pain with a
higher prevalence of pain in the 5-to-18 years age-group versus the
youngest (from 2 to 5 years) age group (Hunter et al., 1998).

3.3.2. Adolescence

In the Maghnie et al. multinational observational study, 58.6% of 41
ACH adolescents reported at least one pain site and 32.9% reported >3
pain sites with pain intensity ranging from little to medium. The knees
and lower spine were the areas where discomfort was felt most
frequently. Patients without limb lengthening experienced a greater
mean number of pain sites and a slightly higher overall pain score
(Maghnie et al., 2023). Moreover, Pfeiffer et al. found that 90% of the 19
adolescents participating in the study experienced general pain (Pfeiffer
et al., 2022).

3.3.3. Adulthood

Recent studies conducted in multiple countries revealed common
findings regarding the high prevalence of chronic pain in ACH adults.
Specifically, 79.4% of Americans (Dhiman et al., 2017), and 70% of
Norwegian suffer from moderate to severe chronic pain (Fredwall et al.,
2020). Females report generally more pain than males (Alade et al.,
2013), likewise the general population, although reasons of gender
differences in pain experience remain still unclear (Bartley and Fillin-
gim, 2013). Precisely, in the 3rd to 4th decade of life symptoms of SS
usually occur (Dhiman et al.,, 2017). To note, although the high fre-
quency of chronic pain, it has been observed that few American patients
require a pain consultation, due to health insurance coverage of physi-
cian visits (Dhiman et al., 2017). In the Maghnie et al. study, 70.3% of 72
adults reported at least one pain site and 41.9% reported >3 pain sites
with pain intensity ranging from little to medium. The knees and lower
spine were the most common pain site locations. Adult patients who had
limb lengthening surgeries reported greater severity and intensity scores
(indicating worse pain) than those who had not (Maghnie et al., 2023).

4. Discussion

The Global Burden of Disease Study (2016) reaffirmed that the high

European Journal of Medical Genetics 66 (2023) 104850

importance of pain and pain-related diseases is the leading cause of
disability and disease burden globally (GBD 2016 Disease and Injury
Incidence and Prevalence Collaborators, 2017). Similar to many rare
diseases prone to chronic pain, the ACH community experiences higher
rates of pain throughout the lifespan than their counterparts in the
general population (Sieberg et al., 2021; Leoni et al., 2019).

Pain should be considered as a multifactorial problem and is best
managed in individuals with ACH through a multidisciplinary approach
including neurosurgeons, orthopaedic surgeons, general physicians,
pain management specialists, physiotherapists, occupational therapists,
psychologists and dieticians (Savarirayan et al., 2022). Neurological
issues, including SS, cervical medullary compression, hydrocephalus
and headaches caused by obstructive sleep apnea are frequently re-
ported causes of pian and discomfort in the ACH population. These is-
sues are also frequently associated with the common skeletal
manifestations of ACH syndrome, namely thoracolumbar kyphosis, genu
varum, discoid lateral meniscus, degenerative osteoarthritis, ankylosing
spondylitis, osteoporosis and low bone mineral density. Moreover, pain
can be exacerbated by obesity and lengthening interventions. Althought
the pain-inducing causes have been clearly identified, shared guidelines
for the assessment and management of pain are missing. For example, a
widely accepted quantitative criteria for the diagnosis of SS and man-
agement recommendations for OSA in ACH are still lacking. Moreover, a
review on post-operative limb lengthening pain management in the ACH
population and any contraindications is needed.

All these aspects can make activity of daily living quite challenging
for people with ACH.

In terms of quality of life (QOL), people with ACH can experience a
lower level of QOL (Maghnie et al., 2023; Fredwall et al., 2020). Spe-
cifically, pain along with difficulty reaching and short height is one of
the three most bothersome aspects of ACH (Aldhouse et al., 2022).

In terms of functional disability, pain affects also mobility perfor-
mance across different settings (home, school/work and community)
(Ireland et al., 2021). The maximum walking time is therefore often
decreased. Among children, pain limits physical activities, social
participation and classroom time (McGraw et al., 2022). Several cases
are reported in which due to pain ACH adults stopped working or
changed their type of work (Cleeland and Ryan, 1994). In terms of
mental wellbeing, chronic pain has been linked to depression in a
number of studies (Elliott et al., 2003; Yonko et al., 2021). Specifically,
in the Ain et al. study, those with back pain associated with proximal
and/or distal leg pain had more psychological distress (Fortuna et al.,
1989). In terms of public health, the consequences of chronic pain lead
to an increased healthcare utilization (Ain et al., 2010).

Given all these aspects and since pain is a commonly reported burden
in people with ACH across the lifespan, it should be carefully monitored
and assessed at every medical check-up (Savarirayan et al., 2019;
McDonald and De Jesus, 2023). Additionally, a major focus is the
implementation of management plans of pain in undertreated patients
with ACH is warranted to improve their physical function (Maghnie
et al., 2023; Alade et al., 2013).

5. Strengths and limitations

The present review systematically addressed the key determinants of
pain in the ACH population. Strength of this review is the use of a
rigorous and stringent methodology. In terms of publication bias, some
potentially relevant articles may have been excluded due to language
restrictions. Moreover, the methodological heterogeneity and limited
number of included studies did not allow further statistical analysis.

6. Conclusions
Pain is by no means negligible and its systematic assessment in pa-

tients with ACH contributes to the optimal management of physical
symptoms and their psychosocial correlates, which could enhance QoL.
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In the future, multicentre clinical studies on pain as the primary
endpoint should be conducted and the prevalence of the main causes of
pain, including ligamentous laxity, should be further analysed. It is also
essential to develop therapeutic interventions to provide more appro-
priate care. Recognizing the multiple determinants of acute and chronic
pain in patients with ACH may enable physicians to better understand
and manage this burden, particularly with the advent of new drugs that
may change some of the known features of ACH.
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