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ABSTRACT: The ability of the latissimus dorsi muscle (LD) to participate as an
accessory inspiratory muscle has been the subject of controversy. Electromyogra-
phic (EGM) activity of LD was evaluated in 11 healthy subjects (aged 30%2 yrs;
forced expiratory volume in one second (FEV,) 106+5% predicted; maximal inspir-
atory pressure (Pimax), 1206 cmH,0) under different breathing conditions. The
ipsilateral biceps brachii was chosen as the control muscle. The EMG was recorded
from surface electrodes, but needle electrodes were also used for LD evaluation in
a subset of three subjects. The EMG signal from both muscles was recorded simul-
taneously, rectified and integrated, with subtraction of the electrocardiographic
signal. Situations evaluated were: 1) maximal voluntary contraction (MVC); 2)
apnoea; and 3) breathing under progressive inspiratory threshold loads (20-100%
Pimax, at 20% intervals).

A close relationship was evident between LD recordings from surface and needle
electrodes (r=0.975). Activity of LD at baseline was 1.8+0.4% MVC, and showed
a phasic increase during inspiration under loads. This change had a linear ten-
dency and was significant for loads corresponding to 40, 60, 80 and 100% of Pimax
when compared to the control muscle. At this latter level, LD activity was equiv-
alent to 32+5% MVC (range 11-61%), whereas mean activity of the control mus-
cle was less than 7.5% MVC.

These results demonstrate that LD is progressively recruited in healthy subjects
during inspiratory loading, and suggest that LD could participate as an acces-
sory muscle for the breathing effort under specific conditions. For these reasons,
LD does not appear to be an appropriate control for studies of the respiratory mus-
cles.
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However, we [12] have recently described a direct

vity of the main inspiratory muscles, such as the diaphragm
and parasternal intercostals [1-3], and may induce mus-
cle fatigue. Activity of other muscles from the chest wall, or
even the trunk, can also increase under these circumstan-
ces [4, 5]. Nevertheless, both the specificity and physiolo-
gical significance of this recruitment remain controversial.
Latissimus dorsi (LD) is a trunk muscle. It's origins are
in the dorsal and lumbar vertebrae, the sacrae midline, the
posterior iliac crest and the lower ribs. All of its fibres
converge together to insert into the humerus by a com-
mon tendon. The LD participates in different functions,
such as maintaining body posture and collaborating in
the adduction and internal rotation of the arm [6, 7]. Al-
though some anatomists and physiologists have argued
that LD can also be implicated in respiratory movements
under specific circumstances [4-7], other authors have
considered, in contrast, that it does not participate in
breathing at all [8, 10]. For this last reason, LD has been
included as control muscle in several structural [9,
10], as well as electrophysiological [11], studies of the
respiratory muscles.

relationship between the size of LD fibres and the sever-
ity of airways obstruction in chronic obstructive pul-
monary disease (COPD) patients. Although the cause of
these structural change still remains unclear, we hypoth-
esized that it could be related to the recruitment of LD
under certain circumstances involving ventilatory load.
This study was carried out in order to investigate the
activity of LD when progressive inspiratory loads are
applied in healthy subjects.

Material and methods

Study subjects

Eleven healthy volunteers (all male, aged 30+2 yrs;
forced expiratory volume in one second (FEV,) 106+5%
predicted; maximal inspiratory pressure (Pimax) -12016
cmH,0) were included. The study was approved by
the local Research Committee of Human Investiga-
tion. Subjects were requested not to perform important
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physical activity in the 72 h preceding the study. A speci-
fic questionnaire did not reveal any relevant interper-
sonal difference in their day-to-day activities. None of
the volunteers were familiarized with either the proto-
col, the aim of the study, or the recording systems for
the electromyographic (EMG) activity.

Study design

Pulmonary function tests. The day preceding the study,
a forced spirometry was performed (Datospir 92, Sibel,
Barcelona, Spain). Reference values were those from
a Mediterranean population [13]. Pimax was obtained
from a manometer with an occludible mouth piece
(Sibelmed 63, Sibel, Barcelona, Spain). Pimax was per-
formed from residual volume, and the maximal value
of six consecutive manoeuvres was chosen.

Electromyographic studies. Subjects were studied whilst
sitting comfortably in a chair, maintaining the head,
neck and trunk fixed against a rigid backrest. The arms
and hands rested on two lateral supports fixed to the
chair. Volunteers were instructed to minimize the pos-
sibility of carrying out voluntary contractions or move-
ments of the arms throughout the study. EMG activity
was recorded from surface electrodes (Silver/silver chlo-
ride, Surface Electrodes 17637, Medelec, UK) using a
bipolar technique. Interelectrode impedance was always
less than 10 kOhm. For LD activity recording, two el-
ectrodes were placed caudally and laterally to the lower
angle of the scapula on the nondominant side and sep-
arated by 2-3 cm. In a subset of three subjects, con-
centric needle electrodes were simultaneously used to
validate the specificity of the surface electrodes for LD
recordings. The ipsilateral biceps brachii was includ-
ed as the control muscle, because it participates in arm
movements but not in ventilation [6, 7]. Two surface elec-
trodes were attached to the arm on the middle of the biceps
muscle 2-3 cm apart. Electrodes were connected to a mul-
tichannel recorder (Mystro, Medelec MS 25, UK). The
EMG activity of both muscles was bandpass-filtered
(100-2,000 Hz) and simultaneously recorded in each
situation throughout the study. EMG signals were
processed (rectified and integrated with a time constant
of 0.1 s) and printed on paper.

Measurement of EMG activity. The EMG signal was
quantified using a morphometric semi-automatic sys-
tem (Videoplan II, Kontron Electronics, Germany). Mean
EMG activity (EMG) was calculated from the area under
the curve of the integrated signal. The intercept points
between baseline and integrated EMG signal were con-
sidered as the limits. The same method was applied to
quantify and remove the electrocardiographic (QRS
complex) artefact. This was performed by arithmetic
subtraction of the QRS complex areas from each EMG
signal. Activity recorded from both muscles was nor-
malized to that recorded during its maximal voluntary
contraction (MVC), and expressed as percentage of MVC
(%MVC). This method permitted intra- and interindi-
vidual comparisons.

Study protocol. The EMG activity from both muscles
was recorded under three different conditions. Firstly,
during the isometric MVC against a resistance. Whilst
for LD subjects performed a forced adduction of the
arm, for the biceps brachii they were asked to flex the
arm from its physiological extended position. The maxi-
mum value obtained was chosen from three consecutive
manoeuvres. Secondly, the muscles were evaluated dur-
ing quiet breathing. Volunteers breathed through a low
resistance two-way valve (Jaeger, Wiirzburg, Germany)
with a pneumotachometer (Sceenmate, Jaeger, Wiirzburg,
Germany) inserted in the inspiratory circuit. Finally,
activity of the muscles was registered while the subjects
breathed under inspiratory overloads. Specifically, five
levels of inspiratory threshold load (20, 40, 60, 80 and
100% of their Pimax) were randomly tested. The first
minute of breathing under each inspiratory load was con-
sidered as adaptation time without submission to muscle
fatigue. EMG activity was quantified on the following
five breaths for each level of inspiratory loading. Resting
periods of 5 min were allowed between every step of load.
Loads consisted of different weights hanging from a
threshold valve placed on the inspiratory line. Opening
pressure of the system for specific weights (1.9 cmH,O
per 10 g load) was previously determined.

Statistical analysis

Inspiratory loading and EMG activation of the mus-
cles were analysed as independent and dependent vari-
ables, respectively. Results appear expressed as meantSEm.
Analysis of variance (ANOVA) for repeated measurements
and slope analysis were used to compare activity recorded
from LD with the activity recorded simultaneously from
the biceps brachii. Pearson's coefficient (r) was used
when appropriate. An alpha factor <0.05 was consid-
ered significant.

Results

All volunteers completed the entire protocol. During
quiet breathing, tidal volume (V1) was 4901110 ml, the
inspiratory time (T1) was 1.3£0.3 s, and the respiratory
frequency (fR) was 1743 breaths:min!. During loaded
breathing, V1 and T decreased, whereas fR increased.
Thus, under 80% Pmmax loading, VT was 320£160 ml,
T1 0.8+0.4 s and fk 2616 breaths-min'. .

Intraindividual variability coefficient of EMG was
less than 7% for each situation. Analysis of the EMG,
recorded from LD of three of the subjects carrying simult-
aneously surface and needle electrodes, indicated both
no differences and a close correlation (r=0.975; p<0.001)
between the two recording techniques (fig. 1).

Individual values of EMG activity at baseline and
during the inspiratory loading are reflected in figure 2a
(LD) and 2b (control muscle). During quiet breathing,
activity of LD corresponded to 1.8£0.4% MVC, where-
as brachial biceps activity was 2.6£0.3 %MVC. When
inspiratory threshold loads were applied, EMG activity
of LD increased linearly (tendencies analysis, p<0.001).
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Fig. 1. — Concordance between surface and needle electrodes in the

simultaneous recording of latissimus dorsi activity in three of the sub-
jects breathing under different inspiratory loads. MVC: maximum volun-
tary contraction.
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Fig. 2. — Individual activity of: a) latissimus dorsi muscle; and b)

biceps brachii (control muscle) during inspiratory threshold loading.
Pimax: maximal inspiratory pressure; MVC: maximal voluntary con-
traction; EMG: electromyographic; BL: baseline.

This change was evident (p<0.05) from inspiratory
loads corresponding to 40% Pimax and above when com-
pared to the control muscle. The LD activity increased
with a mean of 6.1+1.7% MVC for every 20% Pmmax
increase in the inspiratory load. At 100% Pmmax, LD
showed a maximal activation, corresponding to 32+5%
MVC (range, 11-61%). At this level of load, mean
activity of the control muscle (brachial biceps) was less
than 7.5% MVC (fig. 2b). Maximal EMG activation
was significantly higher for LD in terms both of abso-
lute values (p<0.01), and slope of the regression lines
(slope analysis, p<0.05). All subjects of our study were
able to exceed EMG values recorded during the inspir-
atory manoeuvre when the MVC of LD was performed.

Discussion

The main finding of this study is the evidence that activ-
ity of latissimus dorsi muscle (LD) increases progressively

and linearly according to the inspiratory pressure gener-
ated.

In this study, participation of LD on the inspiratory
movements was evaluated using an electrophysiological
technique. A clear evidence of increase in LD activa-
tion was found during the inspiratory loading. Changes
in LD activity were phasic (fig. 3) and directly associ-
ated with the magnitude of inspiratory loading (%Pimax).
Both the visual analysis of the curves (fig. 2) and sta-
tistical analysis revealed a linear tendency in the EMG
increase. The physiological significance of this activation
in terms of respiratory work, oxygen up-take, or inspir-
atory pressure generated was not determined. Neverthe-
less, contribution of LD to breathing movements under
inspiratory loads can be also analysed from an anatom-
ical and mechanical point of view. Firstly, LD receives
fibres from the lower three or four ribs. Thus, contraction
of LD could result in elevation of the lower ribs during
inspiration, particularly if the humerus is fixed [6].
Secondly, from a mechanical point of view, force de-
veloped for LD during the inspiratory effort could have
been measured. However, this technique has some limita-
tions to be applied in volunteers. Although an alternative
method could have been to demonstrate a shortening of
LD fibres, the absence of shortening in the muscle fibres
does not rule out muscle work. In fact, an isometric con-
traction could be present to a best fixing of the rib cage
and trunk [5].

It is worth noting that analysis of LD activity was
focused on the inspiratory movements. Inspiratory load-
ing was chosen because it might be related to the loads
imposed by a chronic airway obstruction. In fact, in chron-
ic obstructive pulmonary disease (COPD) patients dyn-
amic compression of the airways during expiration is a
limiting factor for the action of expiratory muscles while
ventilatory loading. Compensatory mechanisms in these
circumstances are mainly dependent on the activity of
the inspiratory muscles [14]. If the inspiratory muscles,
mainly the diaphragm, are functionally impaired (i.e.
muscle fatigue, pulmonary hyperinflation), a progressive
recruitment of additional muscles (termed accessory
muscles) would be expected, in order to contribute to
the inspiratory effort. We have recently found [12] indi-
rect evidence of such a potential participation of LD
under specific ventilatory circumstances. Therefore, struc-
tural changes were observed in the LD from COPD pat-
ients. Specifically, size of LD fibres directly correlated with
the degree of airways obstruction. We hypothesize that
these structural changes in LD from COPD patients could
be associated with a chronic recruitment of the muscle.
At this time, several studies have provided evidence to
support this hypothesis. Firstly, GRONBAEK and SKOUBY [4]
found that 40% of patients with airway obstruction ver-
sus 0% of controls exhibited inspiratory activity of LD
muscle during quiet breathing. More recently, CaLA et al.
[5] demonstrated a recruitment of LD in healthy subjects
when breathing both under resistive loading and at high
lung volumes. Our results confirm that LD participates
in the inspiratory efforts, and clearly demonstrate that
recruitment of LD shows a phasic linear increase which
is proportional to the inspiratory threshold load.
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Fig. 3. — Inspiratory VT and electromyographic signals of latissimus dorsi (LD) muscle from a subject simultaneously carrying needle and sur-

face electrodes, during quiet breathing and during graded inspiratory loading. Processed (rectified and integrated) signal of the LD activity recorded
via surface electrodes is also shown. For abbreviations see legend to figure 2.

LD muscle could participate in the inspiratory move-
ments, both generating inspiratory pressure, with the
shoulders as fixed points to raise the rib cage, and/or
best-fixing the chest wall and trunk in order to optimize
diaphragm contractions [5-7]. However, these findings
do not necessarily exclude the possibility that LD could
also participate in expiratory movements or cough. De-
pending on the sense of contraction, the costal fibres
could potentially pull down the lower ribs, increasing the
intra-thoracic pressure and contributing to a decrease in
the cross-sectional area of the rib cage [5, 6]. In fact, a
previous study found that 12% of patients with airway
obstruction and 33% of controls actually recruited LD
when expiring during forced breathing [4].

Several methodological points of this study should be
discussed. Firstly, specificity of the surface electrodes
or the potential contamination of EMG signals. Both
LD and biceps belong to the most superficial anatomi-
cal plain and electrodes were placed directly above them.
Thus, activity of adjacent deeper muscles, all of them
smaller than LD (i.e. intercostals), do not appear as an
important source of contamination. In addition, no dif-
ferences were observed between recordings from surface
and needle electrodes, when both techniques were simul-
taneously applied (fig. 1).

Secondly, the possibility of a variable inspiratory pres-
sure during the same inspiratory load could be argued.
This problem was partially avoided using a threshold
valve, a system which implies a determined aperture pres-
sure being always the same for a determined load. Des-
pite the observed decrease of VT during loaded breathing
runs, we cannot exclude a potential increase in mouth
pressure throughout the inspiration once the valve was
opened.

Thirdly lung volumes were not normalized during the
study. However, if functional residual capacity (FRC)
changed this would not have invalidated the results, but

might rather be an additional explanation for them. In
fact, CaLA et al. [5] recently demonstrated that activity
of LD increases in healthy subjects, particularly when
breathing at high lung volumes under inspiratory resis-
tive loading. As additional data, the inspiratory effort
was standardized in the present study according to indi-
vidual Pimax, whereas EMG activity was normalized
according to MVC. This normalization of EMG activity
(i.e. %MVC) is statistically valid and likely to be more
relevant to the study questions [15]. Thus, the present
study makes it possible to establish the linear relation-
ship between the magnitude of the inspiratory effort
(according to Pimax) and the increase in EMG activity
of LD (referred to MVC). Moreover, differences found
in this study between LD activity during the MVC man-
oeuvre and during 100% Pimax loading (fig. 3) clearly
demonstrate that a maximal inspiratory effort does not
completely activate the LD motoneuron pool.

The muscle included as control (biceps brachii)
showed a slight increase in EMG activity when sub-
maximal inspiratory efforts were performed. The high-
est EMG of biceps was observed when breathing under
loads of 100% Pmmax, although they were significantly
lower than the values registered from LD (fig. 2b). We
hypothesize that this activity recorded from the control
muscle could represent: 1) a participation of the biceps
brachii in fixing the humerus in order to optimize the
effect of LD contraction; 2) a weak propagation of LD
activity given that it is inserted in the humerus; and/or
3) a possible unspecific activation of some extrathoracic
muscles when breathing at submaximum inspiratory loads.

In summary, this study clearly demonstrates that activi-
ty of latissimus dorsi muscle increases linearly during
progressive inspiratory loads. Increase in LD activity was
directly associated with the magnitude of the inspiratory
pressure generated. These results and data from other
previous studies [4, 5] strongly support the hypothesis
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that LD can participate as an accessory muscle for in-
spiration. Therefore, we recommend that LD should not
be considered an appropriate control for studies of the
respiratory muscles. A trial comparing different train-
ing protocols for the respiratory muscles, including LD
training, to fully evaluate its effects both on force and en-
durance of the respiratory muscles, seems to be warranted.
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