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Abstract: There is a lack of knowledge about the practice of physical activity, exercise, and sports in
people with skeletal dysplasia (SD). This study aimed to characterize the physical fitness of people
with SD; investigate the benefits of physical activity, exercise, or sports programs for people with SD;
identify the adapted physical activities that can be prescribed to individuals with SD; and identify the
most common and effective structural characteristics and guidelines for the evaluation of individuals
with SD and corresponding activity prescriptions. Electronic searches were carried out in the PubMed,
Scopus, SPORTDiscus, Psycinfo, and Web of Science databases in October 2021 and March 2022 and
included papers published until 3 March 2022. The search strategy terms used were “dwarfism”,
“dwarf”, “skeletal dysplasia”, “achondroplasia”, “pseudoachondroplasia”, “hypochondroplasia”,
“campomelic dysplasia”, “hair cartilage hypoplasia”, “x-linked hypophosphatemia”, “metaphyseal
chondrodysplasia schmid type”, “multiple epiphyseal dysplasia”, “three M syndrome”, “3-M syn-
drome”, “hypophosphatasia”, “fibrodysplasia ossificans progressive”, “type II collagen disorders”,
“type II collagenopathies”, “type II collagenopathy”, “physical activity”, “exercise”, “sport”, “train-
ing”, and “physical fitness”, with the Boolean operators “AND” or “OR”. After reading the full texts
of the studies, and according to previously defined eligibility criteria, fifteen studies met the inclusion
criteria; however, there was not a single intervention study with physical exercise. Several cross-
sectional, review, or qualitative studies presented a set of essential aspects that future intervention
studies can consider when evaluating, prescribing, and implementing physical exercise programs,
as they allowed the physical characterization of the SD population. This study demonstrated an
apparent scarcity in the literature of experimental studies with physical exercise implementation in
the SD population.

Keywords: adapted physical activity; physical fitness; physical exercise program; skeletal dyspla-
sia; achondroplasia
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1. Introduction

Bone ossification, or osteogenesis, is the process of bone formation, which develops
from a template, which is mostly cartilage. Osteogenesis can be intramembranous or
endochondral, and in this last type, several transcription factors are involved [1]. Skeletal
dysplasia (SD) occurs due to genetic mutations. It is characterized by a general structural
abnormality in the growth and shape of bone, cartilage, and dentin, namely, in the genes
that encode proteins [2]. Some researchers claim that SD occurs due to mutations in
the FGFR1, FGFR2, and FGFR3 genes [3–6]. There are currently 461 SDs, nonlethal and
lethal, divided into 42 groups according to 4 criteria: phenotypic (physical), radiological,
biochemical, and genetic. Although considered rare, they have a prevalence of 1 case
in every 5000 births. The most common skeletal dysplasia is achondroplasia [6–8], with
3.7 cases for every 100,000 births [9], and the most common characteristics present in
individuals with achondroplasia are short stature combined with a trunk length almost
identical to an individual without this condition and shortening of the limbs [10,11].

In addition to several and often chronic medical complications, the prevalence of
pain is high [12–15] and increases with age [12] across all SDs. Most of the pain felt,
associated with physiological issues, can compromise participation in physical activity,
which negatively influences physical fitness [16,17] and, in the case of achondroplasia,
increases the occurrence of obesity [18] being associated with increased mortality rates
from heart disease [19–22]. Across the majority of SDs, the factors presented above result
in health problems, limitations in physical functioning and activities of daily living, and a
lower quality of life for these individuals compared with the general population [13,23–26],
which, in turn, affects mental health [23].

In the general population, physical activity and physical exercise are affordable and
inexpensive options to promote physical fitness, reduce the risk of metabolic and cardio-
vascular diseases, and promote mental health and quality of life [27–29]. However, there is
a lack of knowledge about adapted physical activity, exercise, or sports in people with SD,
which reinforces the need to verify whether regular practice leads to the beneficial effects
observed in the general population beyond the occurrence of medical complications [30].
Likewise, there is the need to verify how these activities are adapted, modified, and created
(taking into account the concept of adapted physical activity) to meet the special needs of
people with functional diversity, as is the case for individuals with SD. It is essential to
carry out future studies with adequate prescriptions and interventions toward a positive
and rewarding experience [30]. Therefore, the objectives of this study were to characterize
the physical fitness of individuals with SD; assess the benefits of adapted physical activity,
exercise, or sports in individuals with SD; identify the physical activities that can be pre-
scribed to individuals with SD; and identify the most common and effective guidelines for
prescribing adapted physical activity, exercise, or sports to individuals with SD.

2. Materials and Methods

This review was carried out in accordance with the PRISMA (Preferred Reporting Items
for Systematic reviews and Meta-Analyses) protocol [31] and the methods suggested by
Bento [32]. The protocol was registered in PROSPERO, under the number CRD42021286409.
The PICOS strategy [33,34] was used to obtain a final sample of studies that included: (i) “P”
(patients) corresponding to participants with any type of skeletal dysplasia, of any age,
gender, ethnicity, or race; (ii) “I” (intervention) corresponding to the practice of adapted
physical activity, physical exercise program, or sports, implemented in the population
mentioned above, regardless of the duration of the intervention; (iii) “C” (comparison)
corresponding to comparisons before and after the intervention or between the control
group and the intervention group; (iv) “O” (outcome) corresponding to the effects of the
practice of adapted physical activity, physical exercise, or sports; (v) “S” (study design)
corresponding to any type of study (intervention studies, randomized controlled trials
(RCTs) or not RCTs, pilot studies, cross-sectional studies, or reviews). A preliminary
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analysis of several studies related to the main purpose of this study was conducted to
identify the most appropriate databases and keywords prior to starting.

2.1. Information Sources and Search Strategy

This study was carried out during October 2021 and March 2022, in English, by
searching the databases PubMed, Web of Science, Scopus, Psycinfo, and SPORTDiscus, con-
sidering the maximum period of retrieval allowed by the databases. The descriptors used
were “dwarfism”, “dwarf”, “skeletal dysplasia”, “achondroplasia”, “pseudoachondropla-
sia”, “hypochondroplasia”, “campomelic dysplasia”, “hair cartilage hypoplasia”, “x-linked
hypophosphatemia”, “metaphyseal chondrodysplasia Schmid type”, “multiple epiphyseal
dysplasia”, “three M syndrome”, “3-M syndrome”, “hypophosphatasia”, “fibrodysplasia
ossificans progressive”, “type II collagen disorders”, “type II collagenopathies”, “type II
collagenopathy”, “physical activity”, “exercise”, “sport”, “training”, and “physical fitness”,
with the Boolean operators “AND” or “OR”, as shown in Table 1. The search was updated
until 2 March.

Table 1. Search Strategy.

Search
Strategy

(“dwarfism” OR “dwarf” OR “skeletal dysplasia” OR “rare bone disease” OR
“short stature” OR “achondroplasia” OR “pseudoachondroplasia” OR

“hypochondroplasia” OR “campomelic dysplasia” OR “hair cartilage hypoplasia”
OR “x-linked hypophosphatemia” OR “metaphyseal chondrodysplasia Schmid
type” OR “multiple epiphyseal dysplasia” OR “three M syndrome” OR “3-M

syndrome” OR “hypophosphatasia” OR “fibrodysplasia ossificans progressive”
OR “type II collagen disorders” OR “type II collagenopathies” OR “type II

collagenopathy”) AND (“physical activity” OR “exercise” OR sport* OR “training”
OR “physical fitness”)

2.2. Eligibility Criteria

To be included in this review, studies had to meet the following criteria: (i) intervention
studies (RCTs or not RCTs) or pilot studies; (ii) population with SD; (iii) no restrictions
on age, race, ethnicity, sex, or gender; (iv) studies with any number of participants. The
primary exclusion criteria used in the study were the following: (i) comments or abstracts
published in congress or conference proceedings; (ii) articles that are not published in
English; (iii) studies that do not describe the intervention protocol.

2.3. Selection and Data Collection Process

Two researchers carried out the research independently and downloaded information
to the ENDNOTE X7 software (Clarivate, London, UK). Duplicate articles were eliminated,
and all the articles that did not meet the inclusion criteria were removed. The studies
selected in the previous phase were thoroughly reviewed by two independent reviewers
(M. J. and R. A.) according to the specific eligibility criteria.

3. Results

By searching the various databases, 1785 studies were identified. In the first phase,
after eliminating duplicate articles and on the basis of the titles and abstracts, a sample of
24 studies with relevant potential for the study were identified. After reading the full texts
of the studies, and according to the eligibility criteria previously defined, the study sample
was constituted by fifteen studies, as shown in Figure 1.

Brooks et al. [35] and Carneiro [36] did not analyze physical exercise. The studies of
Bal et al. [37], Saffarian et al. [38], Moura et al. [39], and Dummer et al. [40] did not cor-
respond to an intervention study with physical exercise and/or did not assess physical
fitness. Several studies were excluded for other reasons, such as: for being grey litera-
ture, communications at conferences, book chapters, articles not online/available, and so
on [41–45].
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Although we considered the choice of databases and terms to be comprehensive, no
study was extracted for analysis, most likely because these are rare conditions and the
limited research available has a medical care focus. Although we were not able to answer a
part of our aim, several studies reported important information regarding physical fitness,
allowing us to answer a part of our research question (Table 2).
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Table 2. Included studies for a qualitative discussion.

Author Aims Participants Type of Study Data Collection Methodology Main Results

Brooks
et al. [35]

(1) Evaluate the prevalence of anterior cruciate ligament
and posterior cruciate ligament injuries, (2) compare
with the general population, (3) determine how many
patients with anterior cruciate ligament or posterior
cruciate ligament injuries underwent operation,
(4) determine the levels of patient activity.

n = 430;
35 ± 18 years; and
patients with
achondroplasia.

Cross-sectional. Phone call—questions.
Total of 29% reported low physical
activity, 51% moderate physical activity,
and 17% high physical activity.

Carneiro
et al. [36]

Use the 6 min walk test to follow and assess mobility
and quality of life in a young woman with
achondroplasia and morbid obesity.

n = 1;
28 years; and
achondroplasic dwarfism
(achondroplasia).

Case report. A 6 min walk test.
The 6 min walk test may be a good
method for assessing cardiorespiratory
capacity, mobility, and quality of life.

Cumming
et al. [46]

Follow two brothers with accentuated dwarfism (11 and
19 years old).

n = 2;
11 and 19 years;
and dwarfism.

Case reports. Electromyography. No changes in neuromuscular capacity.

De Vries
et al. [47]

Cross-sectional study comparing cardiorespiratory
fitness (peak VO2), six-minute walk test, muscle
strength, balance, and self-reported physical activity
level in Norwegian adults with achondroplasia with the
reference values for individuals of average height.

n = 43;
37.5 ± 16.8; and
achondroplasia.

Cross-sectional.

Spirometry; VO2 peak; 6 min walk test; 30 s
sit-to-stand; Balance Error Scoring System,
International Physical
Activity Questionnaire (IPAQ).

Men performed better at VO2 peak;
sufficient physical activity; 6 min walk
test and 30 s sit-to-stand were feasible;
and correlation between the 6 min walk
test and 30 s sit-to-stand (men: r = 0.63,
p = 0.007; women: r = 0.71, p < 0.001).

Hanson
et al. [48]

Investigate whether massage increases the distance she
can walk before the onset of muscle fatigue.

n = 1;
63 years; and
hypochondroplasia.

Case report. Walk. Muscle fatigue at an early stage.

Hoover-Fong
et al. [49]

Through health screening research, blood pressure was
measured in short-stature adults.

n = 403;
38.6 ± 14.1 years; and
skeletal dysplasia.

Cross-sectional.
Blood pressure (systolic and diastolic)—blood
pressure equipment
(e.g., Dinamap, Tampa, FL, USA).

Prevalence of hypertension.

Hoover-Fong
et al. [50] Lifetime impact of achondroplasia. - Review. -

Lower quality of life in all domains,
including physical;
restriction on basic activities of daily
living (bathing/dressing themselves,
toileting independently, etc.);
higher metabolic cost when walking as
stride length is shorter;
delays in gross motor skill
development (adolescents and
children); and high prevalence of
sedentary behaviour, obesity, and pain.
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Table 2. Cont.

Author Aims Participants Type of Study Data Collection Methodology Main Results

Hyvönen
et al. [14]

Information about functioning and equality in
individuals with skeletal dysplasia compared with
matched controls without skeletal dysplasia.

n = 80;
43 ± 14.7 years; and
skeletal dysplasia.

Cross-sectional.
Questionnaire—formed by operationalizing
International Classification of Functioning,
Disability, and Health.

Restriction of function, which affected
activities of daily living.

Low
et al. [51]

This paper detailed the structural, intellectual, motor,
orthopedic, and medical characteristics of several types
of dysplasia.

- Review. -
Implications and modifications for
participation of individuals with SD in
physical activity.

Madsen
et al. [52]

Describe the anthropometrics, diet, and resting energy
expenditure in adults with achondroplasia.

n = 40;
40 ± 15 years; and
skeletal dysplasia.

Cross-sectional.

Height—wall-mounted measuring tape;
weight—a digital weight; waist circumference;
diet and nutrient intake; and resting
energy expenditure.

High frequency of central obesity and
unhealthy dietary habits.

Orlando
et al. [53]

Describe muscle strength and power, functional capacity,
mobility and physical activity level in adults with
X-linked hypophosphatemia.

n = 26;
44 ± 16.1 years; and
X-linked
hypophosphatemia.

Prospective cohort
study.

Body mass and height (Leonard force
plate—Novotec Medical, Pforzheim,
Germany—and stadiometer); BMI was
calculated; upper body strength—handgrip
dynamometer (Jamar Hydraulic Hand
Dynamometer, Sammons Preston Rolyan,
Bolingbrook, IL, USA); neuromuscular
performance of the lower limbs—Leonardo
platform during a single two-legged jump;
functional capacity—6 min walk test; mobility
and physical performance—short physical
performance battery; and physical
activity—International Physical
Activity Questionnaire.

Deficit in lower limb muscle power,
reduced functional capacity, and high
incidence of impaired
mobility and inactivity.

Pfeiffer
et al. [54]

Analysis of the impact of achondroplasia on children’s
quality of life. n = 36 parents.

Qualitative
research study
(interviews).

Qualitative analysis of concept elicitation
interviews informed the
development of a preliminary theoretical model
of the symptoms and/or complications.

Pain and low stamina/tiring easily.

Pfeiffer
et al. [55]

Explore how having achondroplasia affects older
children and adolescents’ day-to-day functioning
and well-being.

n = 32;
9 to 18 years; and
achondroplasia.

Individual/focus
group interviews.

Adapted grounded theory approach informed
the qualitative analysis of interview data.

Low stamina/tiring easily; back pain;
and difficulty walking long distances.

Steele
et al. [56]

Impact of musculoskeletal manifestations on physical
function in adults with X-linked hypophosphatemia.

n = 9; 53.6 ± 5.3 years;
and X-linked
hypophosphatemia.

Cross-sectional.

Occupational therapy assessment (passive
range of motion, Berg Balance Score, manual
muscle testing, Lower Extremity Functional
Scale, and kinematic measurements) and a
semi-structured interview by social worker.

Limitations throughout the gait cycle.
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Table 2. Cont.

Author Aims Participants Type of Study Data Collection Methodology Main Results

Takken
et al. [17]

Study in children with achondroplasia the response to
exercise, muscle strength, exercise capacity,
anthropometric factors, and physical activity.

n = 17;
11.8 ± 3.3 years; and
achondroplasia.

Cross-sectional.

Standing height, sitting height, arm span, and
head circumference were measured;
weight—electronic scale; BMI—kg × m−2; body
composition—7 skin folds; leg
volume—anthropometric method (Janes and
Pearson, 1969); fat-free mass—bioelectric
measurement system (Xitron Technologies Inc.,
San Diego, CA, USA); maximal exercise
capacity—treadmill exercise testing;
breath-by-breath minute ventilation, oxygen
consumption, carbon dioxide production, and
respiratory exchange ratio—metabolic stress
test software; strength muscles in lower and
upper extremities—hand-help dynameter;
energy expenditure—3 day activity record; and
perceived functional ability—Activity Scale
for Kids.

Cardiopulmonary exercise capacity and
muscle strength were reduced.

n—participants.
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Although our research resulted in 1785 studies, none had an experimental method-
ology. Seven were cross-sectional studies [14,17,35,47,49,52,53,56], three were case re-
ports [36,46,48], two were review studies [50,51], and two were qualitative studies [54,55].

4. Discussion

Adapted sports are a source of multiple benefits, mainly for emotional and social
aspects, as they are inclusive and contribute to the overall development of a person with a
disability [57].

This review was dual-aimed: (1) analyze and characterize the physical fitness of
individuals with SD, through studies that performed physical assessments; (2) analyze
the effects of adapted physical activity, exercise, or sports in individuals with SD on the
basis of the characterization of implemented programs and establish effective guidelines
for prescribing adapted physical activity, namely, duration, weekly frequency, appropriate
assessment methods, and types of exercise.

Although no experimental studies with physical exercise were extracted for analysis,
which compromised a part of our aim, several studies presented a set of essential aspects,
in physical terms, for future intervention studies to consider when evaluating, prescribing,
and implementing their interventions, as presented in Table 2. The information that we
present and discuss throughout the remainder of this document should be considered
important tools for future intervention studies.

In the specific case of achondroplasia, two theoretical models were described that
contained potentials and limitations for individuals carrying out different experiences in
their daily lives, which should be known to professionals working with this population,
namely, physical exercise professionals [54,55].

Hyvönen et al. [14], through a questionnaire based on the International Classification
of Functioning Disability and Health (ICF) [58], concluded that the sample questioned had
disturbances in body functions and in the success in carrying out activities (difficulties
at the level of body function are related exercise tolerance, mobility, and joint stability).
These conclusions are in line with the studies of Alade et al. [12], Krüger et al. [26], Hoover-
Fong et al. [50], Orlando et al. [53], and Pfeiffer et al. [54], who affirmed the existence of
functional problems in this population. Extending to the SD population, in addition to these
difficulties, they face barriers in their environmental and social participation (acquisition of
materials; use of services, such as ATMs, disabled-persons bathrooms, etc.; and stigmatized
attitudes from society) [14,59].

In the scarce literature found, most referred to achondroplasia. In addition to cre-
ating guidelines for the assessment and prescription of adapted physical activity and
exercise, there is also a need to characterize and understand the specific needs and physical
impairments in other types of skeletal dysplasia.

4.1. Physical Activity

There is limited research on participation in physical activities, and on the benefits or
risks and harms of its practice by individuals with SD. Regarding achondroplasia, in the
study of Brooks et al. [35], in which 148 people were questioned by phone calls, 43 (29%)
reported low levels of physical activity, 75 (51%) reported moderate physical activity, and 26
(17%) reported a high prevalence of physical activity. On the other hand, Takken et al. [17],
Hoover-Fong et al. [50], and Orlando et al. [53] noted that in addition to poor physical
fitness, people with achondroplasia also showed low participation in physical activities
and reduced energy expenditure compared with normal individuals. At the same time,
when engaging in physical activities, the cost of carrying out such actions is higher, as the
stride length is shorter [50]. In the study by Vries et al. [47], people with achondroplasia
had low levels of physical fitness compared with reference values from normal individuals.
Yet, beyond the anatomic differences, there are disabling barriers that limit the ability to
engage in physical activity, and a deep assessment of environmental limitations should
also be conducted toward improving the access and practice of adapted physical activity.
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4.2. Anthropometry

Regarding anthropometry, individuals with SD may have a higher body mass in-
dex [12,60] and percentage of body fat [52] and lower values of bone mineral content,
bone mineral density, and fat-free mass compared with reference values from similar-aged
individuals [61–64]. Individuals with SD, namely, achondroplasia and hypochondropla-
sia, demonstrate reduced bone mineral density values associated with osteoporosis and
osteopenia [62]. These values are positively correlated with body mass index [62]. This fact
reveals the special care that must be taken when evaluating, prescribing, and conducting
physical activities. Measuring the degree of obesity using the body mass index equation
may not be the most appropriate anthropometric measure, given its relationship with
height [18,65,66]. However, several efforts have been made to define reference values for
our focus population [67,68]. In addition, there is evidence of its relationship with waist
circumference [52]. Waist circumference measurement may be a good method to estimate
obesity and the risk of the onset of metabolic or cardiovascular diseases [69,70]. However,
there are no common reference values [71]. These levels of obesity may be associated with
sleep apnea in children with achondroplasia [72,73].

4.3. Hemodynamic Profile

The literature is scarce in studies that assessed hemodynamic variables. As Hoover-
Fong et al. stated [49], for blood pressure assessment, it is essential to consider the choice
of blood pressure equipment with an adjustable sleeve up to the length of the upper limbs,
without covering the shoulder and elbow. In some cases, this measurement is performed on
the forearm due to the constraints described before. Hypertension was previously observed
in people with SD, compared with age-adjusted data, which made them susceptible to the
onset of diseases. These values correlate with sex, age, and body mass index [49].

4.4. Cardiorespiratory Capacity

Pulmonary capacity and exercise capacity are reduced in people with SD compared
with healthy people [17,74,75], as is maximum oxygen volume (VO2max) [47] compared
with reference values [76], so they fatigue at an earlier stage [48,54,55]. People with
achondroplasia must ventilate more frequently to absorb 1 L of oxygen, compared with
reference values from individuals of similar ages and sex [17], which may be explained
by a reduction in vital capacity [74,75]. Heart rate is high for the amount of oxygen
absorbed [74,75], implying a reduced stroke volume because of a smaller chest volume.
VO2max is also lower as body weight increases [47]. Regarding gender, men with dysplasia
have a higher VO2max than women [47].

Carneiro et al. [36] and Vries et al. [47] noted that for achondroplasia, the 6 min walk
test may be an effective, adaptable, and viable method to assess not only cardiorespiratory
capacity but also mobility and quality of life in individuals with SD, while using the Borg
scale to measure intensity [77]. In this population, the 6 min walk test values increased
with good muscle strength [47].

4.5. Neuromuscular Capacity

Cumming et al. [46] found that people with achondroplasia do not show muscle
changes and maintain intact neuromuscular function. In turn, Takken et al. [17] noted
that the muscle tone of this population is not ideal due to the short length of their bones,
causing hypotonia [78]. Piróg and Briggs [79] noted that the muscle complications observed
in SD are usually mild, but they can occur due to a muscle anomaly or changes in the
musculoskeletal system. However, in the case of achondroplasia, neuromuscular capacity
is reduced compared with ordinary healthy people [17,53,80,81], which may be explained
by the low percentage/amount of muscle mass achieved. This leads to muscle fatigue at an
early stage [48]. While the mean muscle strength for men with achondroplasia was reduced
compared with reference values, women with achondroplasia had results similar to the
reference values, both for absolute values and ranges [47,82]. This population also presents
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a reduction in muscle volume and a high prevalence of fat infiltration [80]. Similar to the
6 min walk test, the 30s sit-to-stand test is an easy-to-perform option for measuring muscle
strength [47], and the chair used to perform the 30s sit-to-stand test must be proportional
to the height of the participants.

4.6. Balance Capacity

A test that is apparently difficult to perform, not recommended, and not feasible for
assessing balance in people with achondroplasia is the Balance Error Scoring System [83].
Although the literature is not abundant in studies that assessed balance in a population
with dysplasia, Vries et al. [47] and Sims et al. [80] stated that there might be a decrease in
balance with achondroplasia.

4.7. Neurological Symptoms—Neuropathies and Spinal Stenosis

Symptomatic spinal stenosis has a very high prevalence in adults with achondroplasia
(kyphosis, lordosis, scoliosis, and spine deformity) [81,84,85] and increases with age [60,81].
These symptoms are associated with reduced walking capacity, activity limitations, and
pain [81,86]. Early intervention and careful follow-up should be undertaken after the onset
of neuropathy or spinal stenosis symptoms [85].

4.8. Pain

Many studies have described the prevalence of pain in people with SD [12–15,54,55,87],
often associated with neuropathies or spinal stenosis. Particular attention should be given
to this aspect, acting as a facilitator in the rehabilitation process and not harming the current
situation. On the other hand, this prevalence of pain impacts daily functioning and the
ability to work [88]. In this sense, physical exercise can be an excellent co-adjuvant to
attenuate/decrease pain and diminish its intensity, especially in the joints [89,90].

4.9. Hearing, Voice, and Vision

A clinical study by Tunkel et al. [91] found that 16 of 29 participants (55%) failed a
hearing screening in one or both ears, but few reported the use of hearing aids. Although
less frequent, individuals with SD may present voice and vision impairment [85]. Ear
infections and fluid in the ear are frequent [54]. This highlights the importance of the
physical exercise professional when evaluating, prescribing, and implementing physical
exercise to use strategies with demonstrations or personalized feedback and taking special
care with instructions [29].

4.10. Evaluation and Prescription of Physical Exercise

A gap in the literature is the lack of validated physical fitness assessments and in-
struments for SD [47] and reference values for different types of SD. For instance, for
evaluating and prescribing cardiorespiratory exercise, consideration should be given to
the short stature and length of the lower limbs. As anthropometric features lead to shorter
steps, the process used for assessment must be a function of time and not distance [51].
Changing the dimensions of the area where physical activities occur (i.e., game fields)
is also essential. Tasks that require manipulation also need to be adapted as the focus
population has small hands, short fingers, and other anomalies (e.g., use of smaller balls or
use of smaller handles) [51,92].

Before starting any sport, a neurological assessment is suggested to evaluate the
possible deformation of the spine. It should be carried out according to the degrees
of kyphosis, lordosis, and scoliosis, which have been presented in individuals with SD
several times [81,84]. Exercise that recruits the posterior plane can benefit posture [93]. At
the same time, because hypotonia and lordosis are aggravated by a lack of tonus in the
abdominal cavity, exercises that reinforce the abdominal wall are critical. It is also essential
to pay special attention to spinal instability and be careful when prescribing exercises that
involve loads and impact. When possible, we should avoid prescribing activities such
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as jumping, diving, heading a ball, or contact sports [51]. In achondroplasia, due to the
prevalence of ligament laxity, it is vital to consider the range and speed of movement to
avoid injuries [16,94].

A functional analysis shows any movement restrictions that individuals may have [95],
and the 6 min walk test and 30s sit-to-stand test are also good options for functional
assessment variables [36,47]. For example, people with achondroplasia cannot fully extend
the elbow joint due to a deformity of the distal part of the humerus and subluxation of the
radial head [16,96].

4.11. Recommendations

First of all, it is essential to capture and assess the needs and expectations of people
with SD regarding physical exercise and sports.

It is essential to be aware that the population with SD experiences activities and tasks
differently than the average population. The proposed activity must be as adapted as
possible, considering that user-specific needs depending on age and physical limitations
can vary between individuals with the same type of skeletal dysplasia. Adapted physical
activity leads to a multitude of physiological, social, and psychological benefits [27].

It is also important, in terms of recommendations, that the implementation of physical
exercise programs is adapted (also in terms of neuromuscular and metabolic profiles) and
led by a physical exercise professional. A better understanding of intervention strategies
for people with SD is fundamental to structuring effective methodologies that, in addition
to improving physical abilities, promote positive adaptations in quality of life, including
social and psycho-emotional aspects.

We also highlight that this is a population with a prevalence of mental health disorders,
namely, anxiety and depression [25,97], which affects their quality of life [13]. Anecdotal
evidence showed a higher rate of suicide prevalence in adults with SD compared with
the general population [98]. Although we did not find any intervention studies in the
population with SD with physical activity, exercise, or sports, they have been shown
to promote the mental health of individuals with other types of comorbidities, namely,
disabilities [99] and cancer [100]. At the same time, the practice of physical activity, exercise,
or sports is associated with anti-inflammatory processes, protecting central functions, and
delaying cognitive decline and premature aging, which may be promising for individuals
with SD [101].

Likewise, it is necessary to further research this topic to allow the development of
specific training protocols/programs, from the level of initial training to continuous training
and with the integration of a syllabus covering the dimensions of exercise for people with
SD. Training should be focused on the characterization of inherent physical, physiological,
psychological, social, and emotional aspects and aim to update technical skills and the
professional development of physical exercise with a holistic view; therefore, an adjusted
schedule and the execution of various sessions of physical exercise programs may be
attained that consider concerns health and quality of life.

The results of this study only allowed us to characterize the individuals’ physiques,
but we now have a greater overview of the current knowledge; therefore, this document is
a starting point in the process of evaluating and prescribing adapted physical activity for
people with SD. What is currently known about the levels of physical activity in individuals
with SD relate to anthropometric characteristics; hemodynamic profiles; cardiorespiratory,
neuromuscular, and balance capacities; neurological symptoms related to pain, hearing,
voice, and vision problems; and some recommendations for the evaluation and prescription
of exercise. Above all, it is necessary to include qualitative methodologies to understand
which types of adapted physical activities are more motivating for individuals and promote
adherence and maintenance in sports practice.
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4.12. Limitations

Through the methodology used, we found that there is limited research and available
studies (i.e., experimental studies) on adapted physical activities and exercise for people
with SD. However, before starting this systematic review, an exploratory search was carried
out in the databases to better understand the potential of this research and the search terms
and methodologies to focus on in order to be as comprehensive as possible. Also, most
studies focused on one SD, i.e., achondroplasia, so information was limited and needed to
be carefully interpreted to avoid generalizations.

5. Conclusions

The assessment of physical fitness and prescription and implementation of adapted
physical exercise must consider the individual needs of people with SD. Each type of SD
is distinct and varies depending on age and individuals’ medical history; therefore, such
individuals require a personalized assessment so that physical complications are avoided
and the activities/exercise are catered to the type of SD.

Assessing limitations is essential; however, above all, to promote individual physical
capacities and the recommendations of the World Health Organization, adapted, inclusive
physical activities or sports for people with SD should be personalized.

This work is a call to action for the design and development of studies in the context
of biomechanics, sport physiology, and vocational education.

When reading studies, we saw that there is no consensus on the practice of physical
activity by individuals with SD, but that barriers at various levels can negatively influence
this practice. These individuals have unfavorable anthropometric values and hemody-
namic structures, particularly in SDs with restrictive chest and lung capacities as well as
neuromuscular and balance capacities. They also have a high prevalence of neurological
symptoms; pain; and, at times, hearing, voice, and vision deficits.

Our search presented a clear scarcity in the literature of experimental studies with
adapted physical exercise implemented in the SD population, which represents a clear
knowledge gap. We believe that this work is an important tool as a first step toward
better interventions as it characterized the physical fitness of the population in focus. It
is necessary to carry out urgent research on this topic, namely, the impact of physical
exercise on the physical fitness, health, and quality of life of individuals with SD and the
psychological benefits of structure-adapted sports for SD populations.
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