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ABSTRACT.- Oliveira D.M.,Hagen S.C., Santos A.C., Miglino M.A. & Assis Neto A.C. 2016. Non-
invasive evaluation of respiratory muscles in pre-clinical model of Duchenne Muscu-
lar Dystrophy. Pesquisa Veterindria Brasileira 36(4):290-296. Setor de Anatomia dos Ani-
mais Domésticos e Silvestres, Faculdade de Medicina Veterinaria e Zootecnia, Universidade
de Sdo Paulo, Avenida Prof. Dr. Orlando Marques de Paiva 87, Sao Paulo, SP 05508-030,
Brazil. E-mail: oliveiradm@usp.br

Since respiratory insufficiency is the main cause of death in patients affected by Du-
chenne Muscular Dystrophy (DMD), the present study aims at establishing a new non-inva-
sive method to evaluate the clinical parameters of respiratory conditions of experimental
models affected by DMD. With this purpose in mind, we evaluated the cardiorespiratory
clinical conditions, the changes in the intercostal muscles, the diaphragmatic mobility, and
the respiratory cycles in Golden Retriever Muscular Dystrophy (GRMD) employing ultra-
sonography (US). A control group consisting of dogs of the same race, but not affected by
muscular dystrophy, were used in this study. The results showed that inspiration, expira-
tion and plateau movements (diaphragm mobility) were lower in the affected group. Plate-
au phase in the affected group was practically non-existent and showed that the diaphragm
remained in constant motion. Respiratory rate reached 15.5 per minute for affected group
and 26.93 per minute for the control group. Expiration and inspiration movements of inter-
costal muscles reached 8.99mm and 8.79mm, respectively, for control group and 7.42mm
and 7.40mm, respectively, for affected group. Methodology used in the present analysis
proved to be viable for the follow-up and evaluation of the respiratory model in GRMD and
may be adapted to other muscular dystrophy experimental models.

INDEX TERMS: Respiratory muscles, Duchenne Muscular Dystrophy, diaphragm, DMD, GRMD, ultra-

sound.

RESUMO.- [Avaliacao nao invasiva dos miusculos respi-
ratorios no modelo pré-clinico da Distrofia Muscular
de Duchenne.] Uma vez que, a insuficiéncia respiratdria é a
principal causa de morte em pacientes afetados pela Distro-
fia Muscular de Duchenne (DMD), o presente estudo avaliou
as condigdes clinicas cardiorrespiratorias, o movimento dos
musculos intercostais, a mobilidade diafragmatica, os ciclos
respiratorios e a expansio da cavidade toracica em cies Gol-
den Retriever com Distrofia Muscular (GRMD) por ultras-
sonografia (US) a fim de estabelecer um novo método ndo
invasivo para avaliar os parametros de avaliacdo clinica de
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doencas respiratdrias de modelos experimentais afetados por
DMD. Um grupo controle constituido por caes da mesma raca
e espécie, mas ndo afetados pela distrofia muscular também
foram utilizados neste estudo. Os resultados mostraram que
os movimentos de inspiracdo, expiracdo e platdé (mobilidade
do diafragma) foram menores no grupo afetado. A fase de pla-
td no grupo afetado foi praticamente inexistente e mostrou
que o diafragma destes animais permaneceu em constante
movimento. A frequéncia respiratoria atingiu 15,5 por minu-
to para o grupo afetado e 26,93 para o controle. Movimento
de expiracgdo e inspiracdo dos musculos intercostais atingiu
8,99 milimetros e 8,79 milimetros, respectivamente para o
grupo controle e 7,42 milimetros e 7,40 milimetros, respecti-
vamente para o grupo afetado. A metodologia utilizada nesta
analise foi viavel para o acompanhamento e avaliagdo do mo-
delo respiratéria em modelo GRMD e pode ser adaptado para
outros modelos experimentais de distrofia muscular.
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TERMOS DE INDEXACAO: Musculos respiratérios, Distrofia Mus-
cular de Duchenne, diafragma, DMD, GRMD, ultrassom.

INTRODUCTION

In humans, the Duchenne muscular dystrophy (DMD) is the
most serious and common disease that affects muscular
tissue (Zatz et al. 2000). DMD is a recessive genetic disease,
which affects one in 3,500 male newborns (Oliveira et al.
2013; Santos et al. 2013). This condition is characterized
by the absence of dystrophin, an important protein that
composes the plasma membrane of muscular cells. This
protein promotes the binding of F-actin, which composes
the myofilament of striated skeletal muscle cells (Zatz et al.
2000, Michele & Campbell 2003, Oliveira et al. 2013).

Humans affected by DMD present the inability to walk
at approximately seven years of age (Zatz et al. 2000),
and over time, the disease affects the spine, nerves, ster-
num and thoracic cage. The most severe symptoms cause
changes in the thoracic cage, which lead to the restriction
of pulmonary expansion and to a decrease in gas exchange
(Finder et al. 2004, Bezerra et al. 2010, Oliveira 2012). At
last, the failure of the respiratory muscles causes the death
of individuals by respiratory or cardiac muscular failure at
approximately 25 to 30 years of age (Kennedy et al. 1995,
Zatz etal. 2000, West 2002, Bogdanovich et al. 2004, Bezer-
raetal. 2010, Oliveira 2012).

Similarly to humans affected by DMD, Golden Retrie-
ver dogs affected by Muscular Dystrophy (GRMD) suffer
impairment of the respiratory muscles, specially the dia-
phragm and intercostal muscles, which leads to progressi-
ve respiratory failure (Ambroésio et al. 2008, Oliveira 2012).
The Golden Retriever has been used as a model for studies
on DMD in the recent years. Among these studies, the ul-
trasonography (US) has been used as a low-cost test and a
non-invasive imaging method to enable the clinical assess-
ment of patients, through the observation of the progress
of the echogenicity intensity, caused by the evolution of tis-
sue degeneration, providing efficient clinical data for moni-
toring these patients (Ahmad et al. 2009, Jansen et al. 2012,
Zaidman et al. 2010).

US is frequently used in the investigation and monito-
ring of musculoskeletal diseases and may be used to assess
the progression of muscle loss in DMD due to its capacity
to efficiently locate, detect and characterize tissue lesions
(Sintzoff et al. 1992, Ahmad et al. 2009, Zaidman et al.
2010, Jansen et al. 2012). Distrophy causes muscle tissue
degeneration and the muscular fibers are replaced by adi-
pose tissue and collagen which increase the echogenicity,
thus allowing the muscular margins to be determined by
ultrasound (Zaidman et al. 2010, Jansen et al. 2012, Olivei-
ra 2012). In recent times, the US also has been employed
to monitor the diaphragmatic movements in patients with
respiratory diseases (Voyvoda et al. 2012).

Therefore, the present study evaluated the cardiores-
piratory clinical conditions, the changes in the intercostal
muscles, the diaphragmatic mobility, and the respiratory
cycles in GRMD employing B/M mode ultrasonography
(Us).

MATERIALS AND METHODS

Animals. Four GRMD-affected (males) and four non-affected
GRMD (females) used as control group were used in this experi-
ment. These dogs were between 4 and 5 years old (Table 1). All
animals were obtained from the GRMD kennel, located in the Do-
mestic and Wild Animals Anatomy Department, School of Veteri-
nary Medicine and Animal Science at the University of Sdo Paulo
(FMVZ/USP), Sao Paulo, Brazil, according to the regulations and
principles established by the Bioethics Committee of the FMVZ-
-USP (protocol 2609/2012).

Table 1. Selected animals from the Golden Retriever Muscular
Dystrophy (GRMD) Kennel Brazil, USP

Group Animals Age (years) Weight

Control Cc1 5 26.60
c2 4.5 31.30
Cc3 4 27.70
C4 4.5 28.50

Affected A1l 4.5 17.88
A2 5 18.24
A3 45 16.38
A4 4.5 19.50

Clinical parameters evaluated. Animals from the control
and affected groups were evaluated by a single examiner during
all clinical exams, US analysis and laboratory tests. A total of four
exams per animal were conducted, with 30-day intervals between
exams.

The following parameters were assessed in the clinical evalu-
ation: weight (kg); heart rate (HR) and respiratory rate (RR) per
minute; rectal temperature (T°C) in Celsius degrees; inspiratory
circumference (IC) and expiratory circumference (EC) in centime-
ters (cm); and the height and width of the thoracic cage in centi-
meters (cm).

In order to establish the relationship between the anatomical
thoracic cage changes to the breathing of the individuals, we used
the evaluation of inspiratory circumference and expiratory circu-
mference of the thoracic cage. The circumference of the thoracic
cage was obtained using a measuring tape during the process of
inspiration and expiration. The height and width of the thoracic
cage were measured with a 40-cm aluminum caliper (Konex®).
Temperature and luminosity control tests were performed to es-
tablish the respiratory cycles of both groups of animals. The tests
were conducted in an environment room devoid of sound and li-
ght, with an average temperature of 20°C.

These data were measured to monitor the evolution and
quantification of muscular changes throughout the four experi-
mental evaluations.

Ultrasonography (US). For a better understanding of the
characteristics of the images used in the present study, echoge-
nicity was used as a qualitative characteristic to visualize the dia-
phragm and intercostal muscles. A CHISON US instrument (model
D600VET) coupled to a 5 MHz convex transducer was used for
these experiments.

US: Diaphragmatic mobility. Diaphragmatic mobility was
evaluated through the craniocaudal displacement of the diaphrag-
matic line. The transducer was positioned in the xiphoid region,
with perpendicular incidence to the craniocaudal axis toward the
diaphragmatic line. Next, the diaphragmatic line was identified in
B/M mode field vision. The craniocaudal displacement of these
points was considered the diaphragmatic mobility for one cycle.
Each respiratory cycle is constituted by an inspiration (I), expira-
tion (E) and plateau phase (Fig.1).

The diaphragmatic amplitude during the cycles was also as-
sessed; thus, the distance (D) was calculated from the maximum
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peak reached in the diaphragmatic mobility to the plateau phase.
Three images were obtained, and their mean and standard devia-
tion value were calculated.

US: Intercostal muscles. After identifying the intercostal
muscles by US, the muscular contraction and relaxation (in mm)
were assessed during inspiration and expiration.

Figure 1. Ultrasonography image of diaphragm mobility: (Insp.)
inspiration; (Exp.) expiration; plateau phase or rest phase
between one cycle and another. Circle represents diaphragm
mobility which corresponds to the phase of the animal’s res-
piratory cycle.

Y

Figure 2. B/M mode US image of intercostal muscles: measure-
ment of muscle contraction and relaxation (mm).

Daniela M. Oliveira et al.

The transducer was positioned vertically in the seventh in-
tercostal space, and two values (inspiration and expiration) were
recorded in B/M mode in both groups.

Image interpretation was performed during the exam through
the dynamic qualitative and quantitative observation of muscle
changes. Photodocumentation and statistical analyses were per-
formed to establish the degrees of muscular hypertrophy or atro-
phy by US, as demonstrated in Figure 2.

Laboratory tests. Every 30 days, 2ml of blood were collected
by venipuncture of the radial vein for hemogram analysis (Matos
& Matos 1988). Disposable glass Vacutainer tubes (13x75mm)
with lids containing 10% EDTA (ethylene diamine tetra acetic
acid, disodium salt) in aqueous solution were used (Kerr 2003).
Disposable needles (25x8) were used for blood collection. The
samples were analyzed in the HOVET Analysis Laboratory of the
School of Veterinary Medicine and Animal Science at the Univer-
sity of Sdo Paulo.

Statistical analysis. The results were analyzed, and the mean
and standard deviation of the samples were reported.

To validate the respiratory rate obtained through US, the total
sum of inspiration, expiration and plateau, provided in seconds by
the ultrasound instrument, was calculated. The number of cycles
per minute was then calculated according to the following equation:

Inspiration + expiration + plateau _
60 seconds/X

RESULTS

Clinical parameters

It was observed that the HR, RR, T°C, IC, EC, thoracic
mean height (MH) and thoracic mean width (MW) in the
control group (Table 2) showed clinical parameters within
the normal range; however, in the affected group, the mean
of RR was below the normal standard.

US evaluation

Ultrasound images of the affected and control groups
were obtained in different positions: right lateral decubi-
tus, left lateral decubitus and at station, as shown in Figure
3, in order to establish the differences between positions
and to determine which position is the best for this exam.

By analyzing the differences among the positions, it was
concluded that the exam presents the most reliable results
when the patient is in the right lateral decubitus position,
in which the diaphragmatic mobility showed an optimal
curve for evaluation of the respiratory cycle.

Table 2. Mean and standard deviation of the control and affected groups: evaluation of clinical

parameters
HR(minute)  RR(minute) T(°C) IC(cm) EC(cm) MH(cm) MW (cm)
C1 129+7.10 20.50+£7.20 38.30+0.2 68.40+0.65 68.20+0.9 23.70+0.46 17.70+0.21
c2 92+12.00 30.25+#17.36  38.35%x0.38  74.77+1.89 74.62+2.53 24.00+0.64 21.25+1.30
C3 109+14.24 23.00+4.40 37.87+0.22 72.75£0.90 72.75+0.82 24.85+0.49 18.37+0.58
C4 91+£10.34 34.00+3.47  38.42+0.29 69.95+1.75 69.37+1.63 23.87+0.34 18.60+0.40
Mean+SD  105.38+15.65 26.93+5.42  38.22+0.21 71.4142.55 71.34+2.45 24.11+£0.43 18.98+1.35
Al 88+6.32 16.0+0.00 37.85+0.15 62.00+0.61 62.87+0.34 21.92+0.46 15.8+0.46
A2 121+8.18 19.0+8.19 38.05+0.29 59.1240.54 60.5+0.86 20.00£0.70  15.8+0.46
A3 105£17.29 12.5£0.86 37.90£0.41 62.62+0.96 63.25+2.02 20.55+1.18 16.65+1.38
A4 103+8.66 14.5+1.65 37.77+0.33 62.25+1.15 63.5+1.17 22.65+0.40 16.2+0.50
Mean+SD  104.25+11.69  15.5+3.38 37.91+0.10 61.5+1.38 62.53+1.19 21.28+#1.05 15.63+0.35

A = affected, C = control, HR = heart rate. RR = respiratory rate, T°C = temperature, IC = inspiration circumference,
EC = expiration circumference. MH = thoracic mean height, MW = thoracic mean width.

Pesq. Vet. Bras. 36(4):290-296, abril 2016



293

Noninvasive evaluation of respiratory muscles in pre-clinical model of Duchenne Muscular Dystrophy.

Figure 3. Ultrasound image of the diaphragmatic mobility of the control (A) and affected (B) groups at different positions: 1. (RLD) right
lateral decubitus; 2. (LLD) left lateral decubitus; 3. (S) animal at station. “A” represents a sequence of ultrasound images of an animal
from the control group. “B” represents a sequence of ultrasound images of an animal from the affected group. Notice the differences
in the respiratory pattern of the two groups.

Table 3. Mean and standard deviation of the diaphragm mobility of control
and affected groups by US analysis

Dist(mm) Insp(sec) Exp(sec) Plateau(sec) C.Cycle(sec) RR(min)

C1 19.18 1.52 1.63 0.32 3.4 17.6

C2 16.75 1.23 1.50 0.17 2.9 20.7

C3 17.3 1.37 1.31 0.16 2.8 21.4

C4 15.72 1.37 1.23 0.18 2.9 20.7
Mean+SD  17.24%1.26 1.37+0.10 1.49+0.17 0.21+0.07 2.87+0.41  20.05%1.70

Al 13.61 2.56 2.32 0.21 5.9 9.8

A2 12.17 2.26 2.30 0.64 5.2 11.6

A3 14.40 2.50 2.49 0.12 51 9.8

A4 11.98 3.37 2.50 0.33 6.2 9.7
Mean+SD  13.04+1.01 2.67+0.42 2.4-+0.11 0.32+0.20 5.65+1.03  10.22+1.00

A = affected, C = control, Dist = distance, Insp = inspiration, Exp = expiration, C = complete, sec
= seconds, min = minute.

Diaphragmatic mobility by US

Important data that differentiate the respiratory pat-
tern between the two groups were noted in the present stu-
dy. As for diaphragmatic mobility, the distance is greater in
the control group and smaller in the affected group (Table
3). Moreover, the inspiration and expiration curves of the
affected group are characterized by a larger pattern than
those of the control group. The plateau state was larger in
the control group and smaller in the affected group. This
differentiated pattern between the groups shows a chan-
ge in the respiratory cycle of the animals from the affected

group.

Clinical respiratory rate (RR) x respiratory cycle (US)
Comparing clinical and US analysis, the control group

maintained a stable respiratory cycle, with equivalent ra-

tes of inspiration, expiration and plateau, while the affected

group showed an unstable cycle, with greater inspiration
and expiration rates and a smaller plateau state.
The respiratory cycle was assessed, showing that the

Figure 4. Comparison between Respiratory rate by clinical and US
parameters in minutes during respiratory cycle in the control
and affected groups.
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inspiration and expiration were higher in the affected group
by the analytic methods employed. However, the affected
group showed a decrease in the mean plateau compared to
the control group (Table 3). It was observed that the clini-
cally assessed HR pattern between groups was comparable
to the HR obtained by the respiratory cycle recorded by
diaphragmatic mobility through US (Fig.4).

Evaluation of intercostal muscles

In this study, the displacement of the intercostal mus-
cles during respiration, calculated by ultrasound, had a hi-
gher mean during inspiration and expiration in the control
group 8.99 and 8.79 mm, respectively, than the affected
group values 7.42 and 7.40 mm, respectively (Table 4).

Hematologic values

The blood levels of the main carriers of oxygen to the
organs were analyzed by hemogram: erythrocytes, he-
moglobin and hematocrit. The leukocyte levels were also
analyzed due to the constant process of tissue necrosis that
the respiratory muscles undergo (Table 5).

According to the values found in the analysis, the mean
erythrocyte levels were higher by 0.5 in the affected group.

Table 4. Mean of movement (mm) of the intercostal muscles
by US during inspiration (Insp) and expiration (Exp) in the
control (C) and affected (A) groups

Insp (mm) Exp( mm)
C1 9.86 8.93
C2 10.33 10.1
C3 7.09 7.44
C4 8.64 8.68
Mean+SD 8.99+1,12 8.79+0.84
Al 7.3 7.89
A2 8.06 6.88
A3 6.81 7.09
A4 7.51 7.71
Mean+SD 7.42%0,44 7.40%0.42

Table 5. Mean and standard deviation of the laboratory
analysis of erythrocytes, hemoglobin, hematocrit and
leukocytes of dogs from the control and affected groups

Components Evaluation Control Group  Affected Group
Erythrocytes (1%) 1 6.17+0.66 6.15+0.33
2 6.05+0.65 6.40+0.37
3 6.50+0.48 6.22+0.29
4 6.67+0.49 6.42+0.45
Mean+SD 6.35+0.25 6.3+0.06
Hemoglobin (g/dL) 1 14,15+1.83 14.45+0.78
2 13.7£2.00 15,10+0,81
3 14,32+0,99 14.57+0.78
4 15.4+0.25 15.15+1.00
Mean+SD 14.39+0.70 14.81+0.09
Hematocrit (p*) 1 42.25+4.76 43.50+2.69
2 40.25+4.97 44.25+1.92
3 43.25+2.59 42.50+1.80
4 44.75+4.26 43.75+2.86
Mean+SD 42.62+0.94 43,50+0,46
Leukocytes (mm?) 1 12.92+3.97 15.2+3.40
2 15.95+4.58 15.72+3.48
3 15.17£3.96 15.40+3.82
4 12.50+3.29 14.52+2.89
Mean+SD 14.15+0.46 15.37+0.33
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The hemoglobin level of the animals was higher by 0.4 in
the affected group.

The mean values of the hematocrit and leukocytes be-
tween groups were also evaluated and showed results wi-
thin the normal limits.

DISCUSSION

Ultrasonography is described by many authors as a simple
and harmless method for evaluating the diaphragm mobili-
ty (Park et al. 2015). As corroborated in the present study,
the US method was able to provide data on the respiratory
system of the preclinical GRMD model (Oliveira 2012).
However, the methodology used in this study differs from
previous reported approaches in DMD patients (Zaidman
et al. 2010, Jansen et al. 2012) because echogenicity was
not used for comparison but only to identify the diaphragm
and intercostal muscles.

From the point of view of clinical and morphometric pa-
rameters of the thoracic cavity, it should be pointed out that
the average of HR values of both groups were within the
normal range (Nelson & Couto 2006). However, the respira-
tory pattern of the affected animals was found to be below
the normal standard. The clinically measured respiratory
rate is in accordance with the pattern of respiratory cycles
obtained by the diaphragm mobility analysis through the
US exam, when comparing the control and affected groups.
These results establish the effectiveness of the employed
method. At the end of the experiment, the clinical and labo-
ratory data provided results demonstrating the advantage
of the US method in characterizing the possible degree of
involvement of the respiratory muscles in the dystrophy
symptoms. In addition, the evaluation performed was inde-
pendent of the patient’s breathing effort, making this exam
important for patients in advanced stages of muscular dys-
trophy. In addition, present data revealed differentiation
in the stages of respiratory cycles between the control and
affected groups, showing that this method can be used to
compare the clinical evolution of GRMD patients and as a
tool for monitoring patients undergoing cell or drug thera-
py (Oliveira 2012).

The assessments of diaphragmatic mobility showed
a difference between groups, in which the average of dia-
phragm movement (distance) was higher in the normal
group and lower in the control group. This decrease in dia-
phragmatic distance may represent inefficient amplitude of
the expanding capacity in the affected group, suggesting a
possible condition of muscular exhaustion in animals affec-
ted by dystrophy (Cunninghan 2003). Previous studies su-
ggested that the reduction in diaphragmatic movement is
strongly related to the air trapping parameter (Yamaguti et
al. 2007). The degenerative abnormalities that occur in the
respiratory muscles lead to changes in the maximum respi-
ratory pressure, causing a restrictive respiratory disorder,
which may reduce the lung capacity of the individuals (Be-
zerra et al. 2010).

In the experiment, it was observed that during dia-
phragmatic movement, the average frequency of inspira-
tion and expiration was lower in the animals of the control
group and higher in the animals of the affected group. The-
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se differences are due to the reduced diaphragmatic mo-
tion distance, which can trigger inefficient patterns of lung
capacity, revealing a parameter of disease progression that
may be affected by the degree of weakness of the respira-
tory muscles (Bezerra et al. 2010). The plateau state pre-
sented mean and standard deviation lower in the affected
group and higher in the control group. These results may
be correlated to the imbalance of the respiratory pattern of
the affected group, suggesting a change in the muscle fibers
of the diaphragm (Oliveira 2012).

The diaphragmatic mobility in the affected group pre-
sents a shorter distance, and the diaphragm shows a redu-
ced plateau state compared to the control group, suggesting
that the diaphragm of this group spends more time in mo-
tion. This respiratory muscular disfunction may be consi-
dered intimately linked to pulmonary ventilation disorders.
This situation is consistent with changes in diaphragmatic
mobility cited by Azeredo (2002). Voyvoda et al. (2012)
established that paralysis and deficit of the diaphragm has
multiple etiologies. Diaphragm movement can be affected
by conditions of the phrenic nerve tract abnormalities or
transmission of the neuromuscular junction, diaphragm
muscle diseases and chest and abdomen diseases.

US studies conducted with humans have been develo-
ped to evaluate patients with muscular dystrophy. These
studies used echogenicity to define the degree of muscular
involvement of the patients (Zaidman et al. 2010, Jansen
et al. 2012). In the present study, we used a different B/M
mode methodology, which was developed to support future
research on the use of stem cells, since recent studies have
showed promising results for the application of stem cells
in the diaphragm muscle in the mdx muscular dystrophy
mouse model. Nonetheless, the authors believed that this
study should be performed in the GRMD experimental mo-
del (Lessa et al. 2012). In all probability the results found in
the present study may be useful to aid future experiments
with stem cell applications in the respiratory muscles in
the GRMD experimental model.

In order to relate the anatomical thoracic cage changes
to the breathing of the individuals, the average of IC and EC
of the thoracic cage were used. Data found in the control
group were IC 71.41 and EC 71.34, which are within the
normal breathing pattern. These data may be explained by
the contraction of the abdominal and internal intercostal
muscles, which increase abdominal pressure, tensing and
relaxing the diaphragm, thus reducing the size of the tho-
rax (Cunninghan 2003). In the affected group, the observed
figures were IC 61.5 and EC 62.5, which show a smaller IC
compared to the EC, representing an abnormal pattern of
breathing in this group. Applying another parameter, the
height and width of the thoracic cavity, the figures were
24.11 cm and 18.98 cm respectively for the control group
and 21.28cm and 15.63 cm respectively for the affected
group. This thoracic change may be due to non-developed
physical and anatomical patterns in the affected group of
animals compared to the control group.

The clinical analysis revealed that the body temperatu-
re of the animals presented an average difference of 0.3°C
between the affected group (lower) and the control group

(higher). This situation may be due to the increased sali-
vation of the affected animals caused by the atrophy of the
masticatory muscles. Body temperature decrease may oc-
cur through the loss of body electrolytes due to sweating
and salivation, as well as by a slow or inefficient basal me-
tabolism (Cunninghan 2003, Nelson & Couto 2006).

In order to assess possible changes in the respiratory
system, it was also necessary to evaluate the hemogram and
the main blood hemodynamic parameters in both groups.
Among the results found, the average of erythrocytes be-
tween groups was normal (Matos & Matos 1988); howe-
ver, a higher variation by 0.5 was observed in the affected
group. Studies have demonstrated that reduced oxygen le-
vel (regardless the cause of the deficit) requires a higher
number of red blood cells to offset the deficit of oxygen in
the body (Cunninghan 2003, Santos et al. 2013). The avera-
ge hematocrit amount between the groups showed normal
figures (Matos & Matos 1988).

The hemoglobin levels of the affected animals were
0.42g/dL higher than those of the control group, although
this index was not statistically significant. Hemoglobin is
very important in maintaining tissue oxygenation (Matos
& Matos 1988, Cunninghan 2003). Leukocytes are essential
for the immune and allergic response in mammals (Matos &
Matos 1988, Cunninghan 2003, Nelson & Couto 2006). They
are relevant to DMD because muscle changes are always as-
sociated with muscle fiber necrosis processes. Therefore,
an increase in leukocytes is expected in the affected group.
However, the average levels of both groups were within the
normal range reported in literature (Cunninghan 2003).

The results presented in our study supply important
data for analyzing the status of the respiratory muscles du-
ring the life of the affected patient. Furthermore, the me-
thods could be applied in humans, especially in clinically
debilitated patients, because it is a non-invasive exam that
may propose the appropriate timing to perform mechani-
cal ventilation to enhance the patient’s survival.

The data obtained in the clinical, hematological and US
analyses revealed that the average indices of inspiration,
expiration and plateau parameters were lower in the affec-
ted group than in the control group. The plateau phase in
the affected group is almost nonexistent, indicating that
although the diaphragm does not expand, it presents cons-
tant mobility, corroborating the clinical changes observed
in this group of animals. Therefore, the method of US eva-
luation may be viable for use as a clinical evaluation para-
meter, being effective in research intended to improve the
respiratory muscles in preclinical DMD models.
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