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Abstract

The ACTN3 R577X polymorphism determines the expression of alpha-actinin 3 protein in human 
muscle. The homozygous XX genotype fails to synthesize alpha-actinin 3 and is associated with lower 
muscle strength than the RR genotype. Neuromuscular diseases (NMD) generate an accelerated loss 
of muscle strength, and their relationship with the ACTN3 gene has not been established. Objective: 
To describe the variables of strength, respiratory muscle endurance, and lung function in patients 

What do we know about the subject matter of this study?

The ACTN3 R577X polymorphism determines the expression of 
alpha-actinin 3 protein in human muscles. Subjects without the 
ACTN3 gene have less muscle strength. Neuromuscular diseases 
(NMD) generate an accelerated loss of muscle strength by their 
natural course. The interaction of both variables may be of great 
interest.

What does this study contribute to what is already known?

We present the results of ACTN3 R577X genotyping in a group of 
patients with NMD and its characterization based on pulmonary 
function, strength, and muscular endurance. The subjects presen-
ted restrictive respiratory spirometric alterations and decreased 
muscle strength when compared with reference values. It was not 
possible to establish a relationship with the ACTN3 gene polymor-
phism. This is the first study on the ACTN3 R577X polymorphism 
and NMD in Chile.
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Introduction

Muscle strength has an important influence on 
functional abilities and has been positively associat-
ed with improved sports performance, longevity, and 
quality of life1.

Although environmental stimuli are an important 
element that can determine muscle size and muscle 
strength, the genome plays an important role in deter-
mining phenotypes 2Research has demonstrated that 
genetic factors contribute to 44 to 58% of individu-
al variations in muscle strength and average muscle 
mass3, with the alpha-actinin 3 (ACTN3) gene being 
one of the key genes that can significantly impact these 
muscle-related traits4,5.

Alpha-actinins constitute a family of actin-binding 
proteins that share a resemblance to dystrophin and 
are responsible for associating with the cytoskeleton 
in various tissues throughout the body6. Currently, 4 
types of alpha-actinins are known: alpha-actinins 1 
and 4 which are found in all cells of the body, main-
ly in the cytoskeleton and act as membrane binders7, 
and alpha-actinins 2 and 3 which are located in the 
sarcomere Z-disc, even interacting with membrane 
proteins6. Alpha-actinin 2 is found mainly in cardi-
ac muscle and oxidative fibers while, in contrast, al-
pha-actinin 3 is restricted to a group of type II fibers 
(all IIA fibers and 50% of IIB fibers)8.

The ACTN3 R577X (or rs1815739) polymorphism 
generates 3 possible genotypes: homozygous RR for 
the synthesis of alpha-actinin 3, heterozygous RX 
which synthesizes the functional protein in the same 
way, and homozygous XX which fails to synthesize 
alpha-actinin 39. To understand the function of al-
pha-actinin 3, studies have been performed in ACTN3 
knockout (KO) mouse models (ACTN3-KO) homol-
ogous to the lack of alpha-actinin 3 in the human 
R557X polymorphism, observing that the absence of 
this protein generates an increase in alpha-actinin 2 as 

a compensatory phenomenon10. In addition, ACTN3-
KO mice do not show physical alterations upon exam-
ination, but a decrease in total weight, lean mass, and 
isolated muscle mass, altering the proportion and di-
ameter of glycolytic fibers, but not the total amount of 
muscle fiber11. When subjected to endurance exercise, 
they tend to run more meters on a treadmill than wild 
type (WT). In contrast, ACTN3-KO mice have lower 
grip strength, and therefore, lower muscle power10,11.

Studies investigating the relationship of the 
ACTN3 R577X polymorphism in athletes and in the 
general population report that the allele R (expressing 
the functional protein) is overrepresented in explosive 
strength and speed athletes when compared with their 
control group in a Greek population12 and Australian4, 
Finnish13, and Israelis14 long-distance runners. Other 
authors have reported this overrepresentation in Span-
ish professional soccer players15, Italian artistic gym-
nasts16, and Russian power athletes17. From these same 
studies, it has been shown that carriers of ACTN3 ex-
pression (XX genotype carriers) have lower explosive 
strength and speed compared with the control group 
or non-carrier athletes4, 13-17.

Neuromuscular diseases (NMD) are a group of 
mostly inheritable pathologies that can affect the neu-
romuscular junction and muscle fiber. Functionally, 
there is a decrease in muscle strength and endurance 
associated with the natural course of the disease, hav-
ing consequently a restrictive functional respiratory 
alteration18. 

Some studies have tried to link the ACTN3 gene 
to NMD, however, they fail to establish the absence of 
it as a primary cause of muscle weakness19-21. Of note 
is the 2017 study by Hogarth et al.22 where they retro-
spectively analyzed subjects with Duchenne Muscular 
Dystrophy (DMD), the presence or absence of ACTN3 
as a factor in early loss of ambulation (LoA), showing 
that heterozygous subjects presented LoA 1-2 years 
earlier compared with RR and XX homozygous ones. 

with NMD who present the ACTN3 R577X polymorphism. Patients and Method: Descriptive ob-
servational study. Six subjects between 10 and 14 years old, with a diagnosis of NMD, treated at the 
Hospital Dr. Exequiel González Cortés in Santiago, Chile, were evaluated. They were genotyped with 
the ACTN3 R577X polymorphism by polymerase chain reaction (PCR). Lung function was measu-
red by spirometry. Muscle strength was evaluated with maximal inspiratory pressure (MIP), maximal 
expiratory pressure (MEP), and grip strength (GS). Respiratory muscle endurance was evaluated by 
time limit (TLim). Results: The median and 25–75th percentile [Med(p25-p75)] of the lower limit 
percentages (%Li) for GS, MIP, and MEP were: 36.01% (16.88-53.30), 68.88% (41.07-89.59), and 
38.74% (27.74-56.90), respectively. The Med(p25-p75) of TLim was 299.0 (113.3-356.3) seconds. Re-
garding the genotyping of the ACTN3 R577X polymorphism, in 2 subjects it was XX, in 2 RX, and in 
2 RR. Conclusions: The subjects presented restrictive ventilatory spirometric alterations and decrea-
sed muscle strength when compared with the reference values. No relationship could be established 
with the ACTN3 gene polymorphism.
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A similar condition is observed in grip strength as-
sessed over 4 years in subjects aged 6 to 10 years when 
comparing the initial versus final measurement22.

Considering that alpha-actinin 3 influences the 
musculature of athletes and healthy subjects and that 
NMD accelerates the loss of muscle strength associated 
with its natural course, it would be interesting to char-
acterize patients with NMD according to ACTN3 to 
describe NMD to about their genetic load since, as of 
this writing, no studies were found that describe respi-
ratory muscle strength and/or endurance variables in 
subjects with NMD carriers of the different genotypes 
of the R577X polymorphism.

The objective of this study was first to describe the 
behavior of strength, respiratory muscle endurance, 
and pulmonary function in patients with NMD car-
riers of ACTN3 R577X polymorphism, and second, 
to describe the allelic and genotypic frequency of the 
ACTN3 R577X polymorphism in the group evaluated.

Patients and Method

A descriptive observational study in a cohort of pa-
tients seen at the Hospital Dr. Exequiel González Cortés 
(HEGC) in Santiago, Chile.

Participants
A convenience sample of subjects with a medical 

diagnosis of NMD, referred for respiratory rehabilita-
tion at the Physical Medicine and Rehabilitation Unit 
of the HEGC, by a physician specializing in neurology, 
physiatry, or pediatric bronchopulmonary medicine. 
The subjects were included after signing the informed 
assent and informed consent of their legal guardians.

Recruitment of the full cohort meeting the inclu-
sion criteria (confirmed NMD and understanding of 
simple commands) of 15 subjects was not possible 
in the context of the COVID-19 pandemic. The final 
sample was 6 subjects [5 males and 1 female; median 
12 years; 10 - 14 years (p25-p75)].

Exclusion criteria were inability to understand the 
test instructions, acute pulmonary exacerbation, body 
mass index (BMI) over 30kg/m2, and diagnosis of car-
diometabolic pathologies that generate confounding 
variables.

Procedures
First stage

A kinesthetic evaluation was performed. The as-
sessment of grip strength was considered as a predictor 
of loss of muscle function, according to the protocol of 
Gómez-Campos et al, using a Baseline® hydraulic hand 
dynamometer23. The grip strength was recorded in a 
seated position, shoulder adducted and neutrally ro-

tated, and elbow flexed at 90°. The test was performed 
3 times with each hand, recording the best value ob-
tained in kilograms.

To evaluate the pulmonary function, respiratory 
muscle strength was considered according to Black 
and Hyatt’s protocol24. Ventilation at tidal volume was 
requested for five respiratory cycles through a T-piece 
connected with a 15-cm silicon unidirectional valve 
to a digital manometer PCE-005® where the maximal 
inspiratory pressure (MIP) and maximal expiratory 
pressure (MEP) were recorded in cmH2O. In both, 
the best value was selected from a minimum of three 
acceptable and reproducible respiratory cycles; cough 
peak expiratory flow was defined according to the Lo-
Mauro et al.26 protocol using a Mini-Wright® peak flow 
meter; spirometry was performed according to SER 
protocol with a Platinum Elite RTD® plethysmograph 
by a pulmonary function specialist27. The patient was 
asked to take a slow and progressive maximal inspira-
tion and then to perform a fast and forced maximal ex-
piration until her/his lungs were completely emptied. 
A minimum of three technically satisfactory maneu-
vers (maximum 8 attempts) with variations of less than 
5% between them had to be achieved. Only baseline 
spirometry was considered since when presenting spi-
rometry values with a restrictive ventilatory alteration, 
it is understood that there are no significant changes 
after the administration of beta adrenergics27.

For the calculation of the lower limit percentages 
(LL%) in muscle strength measurements, the average 
reference value according to age and sex correspond-
ing to the variable of interest was used and two stan-
dard deviations were subtracted, recording this value 
as 100% of the LL.

Respiratory muscle endurance was measured with 
the time-limit test (TLim) according to the protocol of 
Zenteno et al.28 as follows: a fatiguing load correspond-
ing to 40% of the previously evaluated MIP was applied 
using a Philips® threshold Inspiratory Muscle Trainer 
(IMT) valve with the subject breathing through it. The 
time in seconds in which the patient managed to cor-
rectly execute the respiratory cycle was recorded.

Second stage
Leukocyte DNA extraction was performed using 

the salting-out method modified by Salazar et al.29. 
Polymerase Chain Reaction (PCR) and a restric-
tion enzymes analysis (RFLP) were then performed 
which detected the presence of the ACTN3 rs1815739 
polymorphism through the primers 5’-CTGGGCT-
GGAAGACAGGAG-3’ and 5’-AGGGTGATGATG-
TAGGGATTGGTG-3’, described by Druzhevskaya et 
al.17.

PCR was performed in 25 ml of total volume con-
taining 25 ng of DNA, 0.2 mmol/l of each primer, 200 

Neuromuscular Diseases - E. Cifuentes-Silva et al
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mmol/l of each dNTP, 0.5 U/µl of EP0712 DreamTaq 
Green DNA polymerase (Fermentas, Lithuania), and 
2.5 μl of EP0711 DreamTaq Green Buffer (Fermentas, 
Lithuania). PCR conditions were initial denaturation 
at 95°C for 5 min and 30 cycles of denaturation at 95°C 
for 30 sec, hybridization at 54.5°C for 30 sec, and ex-
tension at 72°C for 30 sec, followed by a final extension 
at 72°C for 10 min.

The amplified product generated fragments of 
291 base pairs (bp), which underwent enzymatic di-
gestion via DdeI restriction endonuclease (Promega, 
USA) according to the manufacturer’s instructions, 
i.e. for 14 h at 37°C, followed by RFLP analysis on 
2% agarose gel (Biotium, USA). The RR genotype was 
identified by the presence of a 291 bp fragment; the 
RX genotype by fragments of 291, 183, and 108 bp, 
and the XX genotype by two fragments of 183 and 
108 bp. Finally, a quality control protocol was per-
formed, where 20% of the laboratory analyses were 
randomly repeated to corroborate that the samples 
were properly analyzed.

Data analysis
Data were analyzed in GraphPad Prism 6.0 software 

(GraphPad Software, Inc., San Diego, CA). Results are 
presented as percentages, medians, and 25th-75th per-
centiles.

Ethical considerations
This study was approved by the Ethics Committee 

of the Chilean South Metropolitan Health Service and 
complies with the ethical standards specified in the 
Declaration of Helsinki.

Results

Of the 6 subjects evaluated, 2 had Duchenne mus-
cular dystrophy (DMD), 2 had type II spinal muscu-
lar atrophy (SMA), and 2 had type III SMA. Table 1 
details the demographic and anthropometric charac-
teristics of the participants. When analyzing the char-
acterization of pulmonary function (table 2), it should 
be noted that most of the sample presented restrictive 
alterations characterized by a Forced Vital Capacity 
(FVC) below predicted, while the Forced Expiratory 
Volume in the first second (FEV1) and FVC (FEV1/
FVC ratio) was normal only in subject n°5.

Table 3 shows the muscle strength assessments 
and Figure 1 shows their relationship to LL%. In these 
evaluations, only subject n°2 could not perform the 
grip strength test and coincided with the lowest respi-
ratory muscle strength assessment. It should be noted 
that subject n°3 was the only one with MIP over LL. 
Regarding respiratory muscle endurance measured by 

TLim, values were obtained for the total sample, medi-
an, and 25-75 percentile [Med(p25-p75)] 299.0 (113.3-
356.3) seconds.

Finally, genotyping (table 4) indicates that subjects 
n°5 and n°6 had a total absence of ACTN3 protein. 
From the measurements of these two patients, subject 
n°5 presented the second lowest values in respiratory 
muscular strength and endurance, with spirometry 
values within the normal range, and his performance 
in the TLim test was the lowest. Subject n°6 was within 
the high values of respiratory muscular strength and 
endurance, with restrictive spirometry, and with a per-
formance in the time test within the highest 50%.

Discussion

The objective of this study was to describe the be-
havior of respiratory muscle strength and endurance 
variables in patients with NMD presenting the ACTN3 
R577X polymorphism. Regarding spirometry, 5 sub-
jects presented a restrictive ventilatory alteration pos-
sibly associated with the natural course of NMD. May-
er et al. evaluated the spirometry of 60 subjects with 
DMD and established a 5% drop in FVC per year inde-
pendent of the use or not of corticosteroids30. Besides, 
Meier et al., in an analysis of 64 subjects with DMD, 
determined an 8.7% drop in FVC per year after dis-
continuation of corticosteroids31; the initial spirometry 
values were qualified as a restrictive ventilatory alter-
ation. In our study, corticosteroids were not discontin-
ued in the case of DMD.

To about spirometry and ACTN3 polymorphism, 
Bello et al. sought to associate spirometry drop in DMD 
and the ACTN3 gene, failing to establish a relationship 
between the two variables32. In the case of spirometry 
in SMA, Khirani et al in 7 type II SMA subjects and 9 
type III SMA subjects were able to determine the an-
nual fall in FVC in 9.8% and 4.2%, respectively33. This 
deterioration and general muscular weakness of NMD 
causes them to present rib deformities which decrease 
FVC and appear as a restrictive respiratory function-
al pattern related to poor cough capacity, hypoven-
tilation, hypercapnia, pulmonary hypertension, and 
sleep-disordered breathing34.

Regarding grip strength in DMD, some studies 
propose that this would be related to functional im-
pairment, but they are not conclusive to indicate this 
measurement is routine to evaluate these subjects35. 
Bulut et al., in 38 subjects with a mean age of 12.02 ± 
1.99 years, correlated grip strength with functionality 
in non-ambulatory DMD subjects, reporting a mean 
strength of 1.45 ± 1.99 (kg)36. These values are below 
those obtained in our sample despite the age similarity 
between the two studies. In SMA, no reports of specific 
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Table 1. Demographic characteristics and resting physio-
logical parameters of the studied group

General characteristics

Men (n) 5/6

Dominance R (n) 4/6

Median (p25-p75)

Age (years) 12 (10 - 14)

Weight (Kg) 51 (35 - 59.25)

Height (m) 1.43 (1.38 - 1.48)

BMI (Kg/m2) 24.03 (19.01 - 27)

SpO2 (%) 98 (96.5 - 98.25)

HR (beats/min) 95 (72.75 - 110.5)

RR (breaths/min) 23 (20 - 26.5)

SBP (mmHg) 119 (104.3 - 123)

DBP (mmHg) 66.5 (57.25 - 73.25)

MBP (mmHg) 81 (76.5 - 85)

Age, weight, height, BMI, SpO2, HR, FR, SBP, DBP, MBP 
with their respective median and 25th percentile - 75th 
percentile (p25-p75). R: Right, BMI: Body Mass Index, 
SpO2: Blood oxygen saturation and pulse, HR: Heart rate, 
RR: Respiratory rate, SBP: Systolic blood pressure, DBP: 
Diastolic blood pressure, MBP: Mean blood pressure.

Table 2. Assessment of lung function by baseline spirometry. 

Patient FVC (L) % T FEV1 (L) % T FEV1/FVC 
(%)

FEF 25-75 
(L/s)

% T VENT

1 DIS 63 1.47 50 65 0.76 25 RE

2 1.41 63 1.30 66 92 1.90 77 RE

3 1.37 57 1.20 57 88 2.10 79 RE

4 2.06 75 1.72 71 83 2.29 81 RE

5 2.35 91 2.19 97 93 2.59 97 N

6 3.14 82 2.70 82 86 3.05 82 RE

Med 2.17 69.00 1.60 68.50 87.00 2.20 80.00

p25 1.40 61.50 1.28 55.25 78.50 1.62 64.00

p75 2.55 84.25 2.32 85.75 92.25 2.71 85.75

FVC, FEV1, FEV1/FVC, FEF 25-75 and %T with their respective median and 25th percentile - 75th percentile (p25-p75). The VENT DIS variable 
is expressed as categorical. FVC: Forced Vital Capacity, FEV1: Forced Expiratory Volume in the first second, FEV1/FVC: Ratio of Forced Expiratory 
Volume in the first second and Forced Vital Capacity, FEF 25-75: Forced Expiratory Flow of 25% to 75%, %T: Percentage of the theoretical 
value (of the variable immediately to the left of it), VENT DIS: Ventilatory disorders, RE: Restrictive, N: Normal.

values for grip strength were found. It has been shown 
that both diseases share muscle weakness and may 
have similar functional behavior37. Subject n°2 scored 
0 (kg) in the grip strength test and was diagnosed with 
type II SMA. Of the 4 subjects with Alpha-actinin 3 
(+), 3 have high grip strength values, and of the 2 with 
Alpha-actinin 3 (-), only 1 has low values, however, 
due to the type of study, it is not possible to establish 
an association between the variables.

For the care of patients with DMD, it is recom-
mended to assist cough and perform respiratory mus-
cle training (RMT) when they have a MIP lower than 
60 cmH2O34 and/or is below the lower limit of the 
reference values according to age and sex28, as in the 
case of subjects n°2 and n°3. Of these, subject n°2 is al-
pha-actinin 3 (+) and was diagnosed with SMA hence 
RMT could be performed at a higher workload or, in 
practical terms, higher cmH2O since, theoretically, it 
has muscle tissue with adequate levels of dystrophin, 
suggesting that it would respond better to muscle con-
traction than a subject with DMD. On the other hand, 
subject n°5 has DMD and alpha-actinin 3 (-), so we 
must be conservative in performing RMT.

When analyzing MEP, cough categorization, and 
alpha-actinin 3, it is observed that 2 of the 4 alpha-ac-
tinin 3 (+) subjects presented ineffective cough and 
low MEP. All phases of cough are altered in NMD 
with the most important being the inspiratory phase 
for mucociliary clearance, however, the expulsive 
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Figure 1. Strength Assessments in Relation to Baseline Values. 
Each one of the points represents the value obtained by each 
subject and the whiskers represent the minimum and maxi-
mum values. LL%: Percentage of the lower limit. HGS: Hand 
grip strength, MIP: Maximum inspiratory pressure, MEP: Maxi-
mum expiratory pressure.

Table 3. Muscle strength evaluations.  

Patient HGS (Kg) LL% MIP 
(cmH2O)

LL% MEP 
(cmH2O)

LL% PCF (L/Min) PCF  CAT TLim (s)

1 9.5 22.5 100 84.03 55 42.31 285 EF 354

2 0.0 0.0 35 35.71 22 17.19 150 IN 121

3 9.1 64.1 68 106.25 40 56.34 180 IN 296

4 9.1 49.7 70 71.43 45 35.16 280 EF 363

5 6.8 37.2 42 42.86 40 31.25 250 ME 90

6 9.1 34.9 65 66.32 75 58.59 250 ME 302

Med 9.10 36.01 66.50 68.88 42.50 38.74 250.00 299.00

p25 5.10 16.88 40.25 41.07 35.50 27.74 172.50 113.30

P75 9.20 53.30 77.50 89.59 60.00 56.90 281.30 356.30

HGS, MIP, MEP, PEFC, LL% and TLim with their respective median and 25th percentile - 75th percentile (p25-p75). The PFC CAT variable is 
expressed as categorical. HGS: Hand grip strength, MIP: Maximum inspiratory pressure, MEP: Maximum expiratory pressure, PFC: Peak cough 
flow and LL%: Percentage of the lower limit of the theoretical value (of the variable immediately to the left of it), TLim: Limit time, PFC CAT: 
Peak cough flow categorization, EF: Efficient, ME: Moderately efficient, IN: Inefficient

Table 4. Molecular analysis of ACTN3 rs1815739 poly-
morphism

Patient Dx Molecular analysis R577X

PCR-RFLP ACTN3

1 DMD CC (+)

2 SMA II CC (+)

3 SMA II CT (+)

4 SMA III CT (+)

5 DMD TT (-)

6 SMA III TT (-)

Dx, PCR-RFLP and ACTN3 are expressed as categorical. 
Dx: Diagnosis, RFLP: Restriction Fragment Length Polymor-
phisms, PCR: Polymerase Chain Reaction, ACTN3: Alpha-
Actinic 3 Gene, DMD: Duchenne Muscular Dystrophy, SMA 
II: Spinal Muscular Atrophy Type 2, SMA III: Spinal muscular 
atrophy type 3, CC: Homozygous dominant, CT: Hetero-
zygous, TT: Homozygous recessive, (+): Present, (-): Absent.

phase also influences, and it has been shown that if a 
subject has an ineffective cough, the expulsive phase 
is also affected38 and it has been shown that if a sub-
ject performs inspiratory RMT, it also improves the 
MEP39.

Regarding the LL% of the 3 strength measure-
ments, only subject n°3 has MIP values above the LL%. 
The rest of the sample in all evaluations was below the 
lower limit, confirming the muscle weakness of the co-
hort. Due to the nature of the study and the lack of a 

control group, it cannot be affirmed that these values 
below LL% are due to the presence of ACTN3 poly-
morphism or the natural evolution of NMD, or its dif-
ferent underlying diagnoses.

The TLim test was performed to evaluate respira-
tory muscle endurance at 40% of the MIP according 
to national recommendations28, however, there are no 
reference values for this variable, which limits further 
analysis. In the clinical context, the TLim test is useful 
when executing an RMT protocol to evaluate its effec-

Neuromuscular Diseases - E. Cifuentes-Silva et al
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tiveness in the same subject over a given period.
Genotyping and PCR analysis showed 2 alpha-ac-

tinin 3 (-) and 4 alpha-actinin 3 (+) subjects, obtaining 
proportions similar to those reported in the Chilean 
non-athlete population40. The genotyping data should 
be analyzed with caution since 2 of the subjects were 
homozygous dominant (RR), 2 heterozygous (RX), 
and 2 homozygous recessive (XX). Hogarth et al. 
demonstrated the protective effect against muscle inju-
ry in subjects with DMD homozygous versus ACTN3 
heterozygous. The latter lost the gait milestone 1 to 
2 years earlier than those homozygous22. The same 
authors demonstrated that KO mice for DMD and 
ACTN3 genes show overexpression of calcineurin, 
AMPK (AMP-activated protein kinase), and Pgc1-α 
(peroxisome proliferator-activated receptor gamma 
coactivator 1-alpha protein), concluding that a phe-
notypic conversion from fast to slow muscle fibers is 
generated, which provides a “protective effect”22.

Dial et al. reported the role of AMPK and Pgc1-α 
as key players through exercise in the maintenance of 
neuromuscular junction and mitochondrial biogene-
sis37; both signaling mechanisms are also activated in 
subjects with DMD when performing physical activity.

It is worth mentioning that what has been men-
tioned for both SMA and DMD patients could be rel-
evant when prescribing physical therapy in patients 
with ACTN3 polymorphism although, due to the na-
ture of the study, it is not possible to generate any type 
of conclusion or recommendation.

It should be noted that this is the first study in Chile 
on ACTN3 rs1815739 polymorphism and NMD. The 
main projection of the study would be to provide a 
tool with a molecular basis to complement the already 
existing clinical tools, oriented to determine the ap-
propriate training loads, both in muscle strength and 
endurance.

The limitations of our study include the small sam-
ple size and the lack of follow-up to evaluate the effect 
of the interventions on this group of patients and the 
lack of a control group. The study of patients from a 
single health center also represents a selection bias, de-
termining particular characteristics in the sample that 
are not necessarily representative of the population. 
Other factors to consider in obtaining the results are 
the baseline conditions of the subjects, clinical evolu-
tion of the NMD, or previous interventions, whether 
pharmacological or rehabilitative, which could influ-
ence the results obtained more than the polymorphism 
itself. These aspects are relevant to consider the extrap-

olation of our results to the rest of the pediatric popu-
lation with NMD.

Conclusions

The spirometry values of the study subjects showed 
a restrictive ventilatory alteration. Respiratory muscle 
strength and grip strength were found to be decreased 
when contrasted with the reference values.

One-third of the sample analyzed did not express 
alpha-actinin 3 protein according to the genetic analy-
sis. It would be important to confirm this frequency in 
a larger sample of subjects with neuromuscular diseas-
es to relate the behavior of the pulmonary strength and 
function of these subjects.
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