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The objective of the present study was to assess the effect of transcutaneous electrical diaphragmatic stimulation (TEDS) on
different types of diaphragm muscle fibers. Male Wistar rats (8-12 weeks old) were divided into 2 experimental groups (N = 8 in
each group): 1) control, 2) animals submitted to TEDS [frequency = 50 Hz; TON/TOFF (contraction/relaxation time) = 2/2 s; pulse
duration = 0.4 ms, intensity = 5 mA with a 1 mA increase every 3 min for 20 min] for 7 days. After completing this treatment period,
the I, IIA, IIB, and IID diaphragm muscle fibers were identified using the mATPase technique. Statistical analysis consisted of the
normality, homoscedasticity and t-tests (P < 0.05). There was a 19.6% (P < 0.05) reduction in the number of type I fibers and a
49.7% increase (P < 0.05) in type IID fibers in the TEDS group compared with the control group. An important result of the present
study was that electrical stimulation with surface electrodes was efficient in altering the distribution of fibers in diaphragm
muscle. This therapeutic resource could be used in the treatment of respiratory muscle alterations.
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Pette and Vrbová (1) have reported that muscle tissue
shows the characteristic of functional plasticity, that is, of
adapting according to the stimulus applied. For example,
neuromuscular electrical stimulation can lead to a change
in the distribution of muscle fiber types. Diaphragmatic
electrical stimulation has been used to improve ventilatory
function (2); however, studies are necessary in animal
models that permit muscle biopsy because the few that
exist are directed to an invasive approach in humans with
internal electrodes (3). Similar studies cannot be carried
out in humans with justification due to ethical limitations.
Thus, the present animal study may provide relevant infor-
mation related to changes in the distribution of the types of
diaphragm muscle fibers by the non-invasive application
of transcutaneous electrical diaphragmatic stimulation
(TEDS) using surface electrodes. Most of the reported

studies are related to invasive diaphragmatic electrical
stimulation in animals (4).

During rehabilitation, the diaphragm muscles in hu-
mans are usually treated with electrical stimulation applied
daily or on alternate days using surface electrodes. To our
knowledge, there are no previous reports evaluating the
effect of electrical stimulation applied using surface elec-
trodes in the diaphragm muscle of the rat. Thus, the
purpose of the present study was to assess a possible
effect of a clinical-like electrical stimulation treatment in the
distribution of fiber types of diaphragm muscle of the rat.
The results of this study can probably be extrapolated to
patients for the treatment of diaphragm muscle using sur-
face electrical stimulation.

Male albino Wistar rats (8-12 weeks old) had food and
water ad libitum and were submitted to a 12-h light/dark
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photoperiodic cycle. The rats were divided into two experi-
mental groups (N = 8 animals in each group): 1) control (C),
2) animals submitted to daily TEDS for 7 consecutive days.
The Ethics Committee for Animal Experimentation of
UNICAMP approved the study (#754-2/2004).

The animals were anesthetized daily [Rompun® (12
mg/kg xylazine)/Dopalen® (95 mg/kg ketamine), ip ] before
TEDS application, and the anterior chest region shaved to
guarantee greater effectiveness of the stimulation and of
electrode positioning. Twenty minutes of TEDS was car-
ried out daily for 7 days, using a frequency of 50 Hz (cycle
per second), 2 s TON (contraction time), 2 s TOFF (relaxation
time), for a total of 300 contractions per session, and a 0.4-
ms phase width (pulse duration). The intensity (pulse
amplitude) was set at 5.0 mA on the basis of the observed
muscle contraction. An increase of 1.0 mA was applied to
the current every 3 min to minimize accommodation of the
diaphragm to the stimulus.

A Dualpex 961 (Quark®, Brazil) equipment with two
silicone-carbon (1.5 x 2.0 cm) electrodes was used for
electrical stimulation. The electrodes were positioned bi-
laterally on a layer of contact gel on the lateral region of the
chest between the 4th and 6th ribs. This region is close to
the lateral branches of the phrenic nerve, which enervate
the diaphragmatic cupolas. It is important to mention that
our previous study did not observe any alteration in the
cardiac system upon stimulation (5).

After stimulation, the animals were beheaded and the
diaphragm removed immediately. The muscle fragment
collected (left hemi-diaphragm, costal part) was positioned
on a wooden block using tragacanth gum and frozen in
isopentane cooled in liquid nitrogen at -159°C, subse-
quently being stored in a bio-freezer at -74°C for posterior
microtomy. Microtomy of the muscle fragment in a mi-

crometer, Microm HM 505E cryostat (Microm, Germany),
was used to obtain 12-µm sections at -24°C, which were
stored at -74°C. All sections were simultaneously submit-
ted to histochemical evaluation. The main types of fiber
were delineated using the mATPase technique according
to Staron (6), after pre-incubation at pH 4.3, 4.55 and 10.5
(7). Using a trinocular microscope (Olympus, Japan) plus
the Camedia Master program, photo mounts of all sections
at the different pH values were made, allowing for the
determination of the number and percentage of each type
of fiber, including I, IIA, IIB, and IID. Three areas were
selected in each muscle specimen and a total of 1500
fibers were classified for each animal.

Statistical analysis was carried out using the Kolmogo-
rov-Smirnov normality test and the homoscedasticity test
(Bartlett’s criteria). Since the variables showed normal
distribution and homoscedasticity, the Student t-test was
used to compare groups. A critical level of 5% (P < 0.05)
was used for all calculations and the software used was
GraphPad Prism 3.02®.

The group that received TEDS daily for 7 days showed
a significant decrease of 19.6% (P < 0.05) in the number of
type I fibers and a 49.7% increase (P < 0.05) in the number
of type IID fibers compared with the control group. There
was no significant difference (P > 0.05) between groups for
the percentages of type IIA and IIB fibers (Table 1).

The rat diaphragm is composed of a mixture of fiber
types, although denervation, ageing and corticosteroid treat-
ment may lead to significant atrophy of types IIX and IIB
fibers, in addition to altering the distribution of muscle fiber
types and decreasing muscle strength (8-11). Chronic ob-
structive pulmonary disease is characterized by the transfor-
mation of type II muscle fiber into type I and this process may
contribute to a decrease in diaphragm muscle strength (12).

We have shown here that TEDS, applied at 50 Hz for a
short period of time with surface electrodes, led to alter-
ations in the distribution of fibers, with a decrease in type I
and increase in type IID fibers. This increase could be
explained by the frequency of the current used. This result
could be beneficial in patients with respiratory muscle
dysfunction, since it alters the type of muscle fiber, ampli-
fying the proportion of fast-contracting muscle fibers, which
are normally decreased in these diseases and are also
associated with ageing.

Although future studies in humans with this type of
protocol should be carried out, the results presented here
indicate that electrical stimulation of the diaphragm may be
a selective and efficient resource to alter muscle fiber type.....

Table 1.Table 1.Table 1.Table 1.Table 1. Number of type I, IIA, IIB, and IID fibers of diaphragm
muscles identified by the mATPase method after transcutane-
ous electrical diaphragmatic stimulation (TEDS) of the rat.

Fiber type Control TEDS

I 181.7 ± 30.7 146.1 ± 21.4*
IIA 100.3 ± 27.4 108.2 ± 29.2
IIB 49.1 ± 25.2 37.2 ± 13.5
IID 54.3 ± 20.6 81.3 ± 19.4*

Data are reported as means ± SD for N = 8 in each group. A total
of 1500 fibers were observed for each rat.
*P < 0.05 compared to the control group (Kolmogorov-Smirnov,
Student t-test).
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