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ABSTRACT

ROMER, L. M., and A. K. MCCONNELL. Specificity and Reversibility of Inspirstory Muscle Training. Med. Sci. Sports Exerc., Vol.
35, Ne. 2, pp. 237-244, 2003. Purpose: The purposc of this study was to evaluate the pressurc-flow specificity of adaptations to
inspiratory muscle training (IMT), in addition to the temporal effects of detraining and reduced frequency of training upon these
adaptations, Methods: Twenty-four healthy subjects were assigned randomly to one of four groups (A: low-flow-high-pressure IMT;
B: high-flow—low-pressure IMT; C: intermediate flow-pressure IMT: and D: no IMT). Subjects performed IMT 6 d-wk ! for § wk,
and inspiratory muscle function was evaluated at baseline and every 5 wk. Groups A, B, and C were then assigned randomly to either
a mainienance group (M} (IMT 2 d-wk™!) or a detraining group (DT) (no IMT). Inspiratory muscle function was reassessed at 9 and
18 wk post-IMT. Results: At 9 wk, group A exhibited the largest ircrease in pressure. B a large increase in flow, C more uniform
increases in pressure and flow, and D no changes in pressure or flow. Maximum inspiratory muscle power increased in groups A, B,
and C by 48 & 3%, 25 * 3%, and 64 = 3%, respectively (mean = SEM, P = 0.01). Maximum rate of pressure development increased
in groups A, B, and C by 59 = 1%, 10 * 1%, and 29 * 1%, respectively (P = {1.01). A decrease in inspiratory muscle function was
observed at 9 wk post-IMT in DT. Inspiratory muscle function plateaved between 9 and 18 wk but remained above pre-IMT values.

Group M retained the improvements in inspiratory muscle functior. Conclusion: These data support the notion of pressure-flow

specificity of IMT. Detraining resulted in small but significant reductions in inspiratory muscle function. Reducing training frequency
by two thirds allowed for the maintenance of inspiratory muscle function up to 18 wk post-IMT. Key Words: RESPIRATORY
MUSCLE TRAINING, BREATHING EXERCISES, DETRAINING, MAINTENANCE

he training principles of specificity and reversibility

are well established for peripheral skeletal muscles.

Specificity implies that the nature of the change in
muscle structure and function is determined by the nature of
the applied stimulus (21). The reversibility principle holds
that when physical training is stopped (detraining), the body
readjusts in accordance with the diminished physiological
demand, and the bencficial adaptations may be lost (22).
Few studies have been conducted to determine whether
inspiratory muscles also respond to the aforementioned
training principles, but it is reasonable to suppose that they
do.

The force-velocity specificity of training proposes that
training with high-force~low-velocity contractions specifi-
cally increases maximal force but not maximal shortening
velocity, whereas training with high-velocity—-low-force
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contractions specifically increases maximal rate of shortening
but not maximal force (7). Inspiratory airflow is proportional to
velocity of muscle shortening, and inspiratory pressure is pro-
portional to force generation. Therefore, increases in maximal
inspiratory flow might be expected with high-velocity training
and increases in maximal inspiratory pressure with high-force
training. Indeed, training with resistive loads and high-flow
loads appear to increase maximal static pressures (17,27,28)
and maximal inspiratory flow rates (27,28), respectively. The
rate of rise in peak tension may also be improved by specific
training. For example, training with contractions of high-force
and high-velocity increases the maximum rate of force devel-
opment in peripheral skeletal muscle (9,20). The influence of
inspiratory muscle training (IMT) upon the maximum rate of
pressure development (MRPD) is less clear: There is evidence
that MRPD increases with both high-pressure and high-flow
training {27). However, these findings await independent ver-
ification, and the time course of the adaptations is unknown.

Although normal whole-body endurance training pro-
motes a variety of physiological adaptations, long periods of
inactivity (detraining) are associated with a reversal of many
of the adaptations (22). Unfortunately, the extent and time
courses of detraining are not well documented for inspira-
tory muscle function. From a practical perspective, it would
be useful to know whether reducing the frequency of IMT
while maintaining the iraining intensity attenuates any de-
crease in inspiratory muscle function associated with
detraining.




TABLE 1. Descriipti/},{e’ggaracteristics of the-subjects (mean % Sﬁ;’x}l} L

Group A° Greup 6* Group D7
Gender (m/) 412 33 343
Age (y7) 242+ 21 297225 258 =76
Stature {m) 1.74 = 5.02 173 2 0.03 1.74 = 0.02 173 = 0.05
Body mass (kg) 779 + 5.1 712134 716+ 31 720 = 64
AC L) 5.06 = 0.08 485+ 0.25 504 + 018 5,06 =0.27
(100 = 1) {100 = 1) (10321 103 =:1)
FEV, (L) 4.29 + 0.08 404 =020 447 + 933 427 = 0:20
(100 = 13 {99 = 1) (101.=13 102 = 1)
PEF (Lmir ) 1 570.7 w194 584.0 + 16.1 587.7 = 18.1
E (102 = 1) :

‘N = 8; FVE, forced vitai capacity;}ég; .wfér‘cé”d»éxp‘zratory yoiume i ong second; PEF, peal

age, stature, and gender (24).

BRased on the aforementioned considerations, the purpese
of this study was1c determine the pressure-flovw spegificity
of adaptations to IMT, in addition to the temporal effects of
detraining and reduced frequency of ‘training dporn these
adaptations. We hypothesized that 1) training with resistive
loads and high-flow loads would increase maximal static
pressures and maximal inspiratory flow rates, respectively;
2) detraining would resultin-a reversalof these adaptations;
and 3) reducing the frequency of training while maintaining
the training intensity would attenuate avy decrease. i -in-
spiratory muscle function associated with detraining.

METHODS
Subjects

After approval from the Human Subject Research Ethics
Committee -of -the University -of Birmingham: and: written
informed consent; 24 heglthy individuals (13 male) were
assigned randomlyin equal nimbers to-ohe of four groups
(Table 1), Group A performed IMT with low-flow, high-
pressure loads; proup B performed IMT with high-flow,
fow-pressure loads; group € performed IMT with intertie-
diate flow and pressure loads; and group B received no
training (i.¢; control). None of the subjects had experierce
in performing respiratory exercises.

Study Design

Pulmonary function and maximum dynamic inspiratory
muscle function were assessed. Subjects were familiar-
ized thoroughly with test procedures. (visit: Ly-before the
preintervention trial (visit 23, Visits | and 2 were sepa-
rated by at least 48 h and completed within 2 wk. Sub-
jects’ inspiratory muscles were trained 6 d-wk ! for 9 wk,
and respiratory function was reevaluated every 3 wk.
After the intervention, trained subjects {groups A, B, and
C)were assigned-randomly-to either a maintenance group
(M) who reduced their training frequency to 2 d-wk ™' or
a detraining group (DT} who refrained from IMT: Sub-
jects” pulmonary and-inspiratory muscle function were
reassessed ‘at-9 and 18wk pestintervention. Thus, the
overall duration of the study was ~29 wk.
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k expiratory flow. Values in parentheses represent percent of pradicied values based on

Procedure

Pulmeonary function, A pneumotachograph spirome-
ter (Vitalograph 2120, Buckingham, UK) was used 1o
measure  resting flow-volume profiles.: The following
variables were derived: forced vital capacity (FV(Q),
forced expiratory volume in L's (FEV ), and peak expi-
ratory flow (PEF). Pulmonary function measurements
were ‘made according to Buropean Respiratory Society
recommendations (24)(Table 1)

Baximum dynamic inspiratory muscle function.
The pressure-flow relationship for inspiratory muscles
working in synergy was assessed using maximal inspirstory
efforts performed aguinst a pressure-threshold valve ar-
rangement (6). Inspiratery: mouth pressure. was measured
with o pressure transducer (Mercury M14, Glasgow, UK)
connected by polyethylene tubing to g 4-mm 4D vent located
neur the mouthpieee of the breathing circuit. Inspiratory
airflow was measured with an pltrasonic phase-shift fow
meter (Birmingbam Flowmeiries Lid., Birmingham, UK)
lacated distal to the pressure-threshold valve. Pressure and
fiow signals were amplified, passed through a 12-bit analog-
wosdigital converter-at/a sumpling rate of 206 Hyorecorded
on o computer, and processed ysing bespoke software (Lab-
view 3, National Instruments, Austin, TX).

Maximum pressure at zero flow (Fy) was meagsured with
complete closure of the threshold valve:! A T-mm orifice was
exposed to prevent the subject from producing artificially
high spiratory pressures with the muscles of the buccal
cavity {4). To ensure that inspiratory efforts were performed
at the same lung voiume (residual volmme), changes in vital
capacity were measured with a pneumotachograph spirom-
eter {Vitalograph 2129) connected in series tothe expiratory
port of the pressure-threshold device. After the determina-
tien of P, individuals. performed inspiratery ‘maneuvers
with maximal effort against six diserete load settings (~0,
20, 25, 35, 50; and 65% By, which were assigned randomly
using a balanced Latin squsae for an even number of treat-
ment conditions. The ordér of treatments “was retained
throughout the remaining trials, Three technically correct
trials were performed at cach of the loading intensities and
30 s was permitted between efforts. Maximal pressure and
unloaded flow were reevaluated at the end of each measure-
ment session, Mo chinges were Observed compared with
initia! values, suggesting the absence of pressure and flow
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FIGURE 1—Schematic representation of inspiratory pressure-flow-
power caiculations. V,, inspiratory flow rate; P, inspiratory mouth
pressure; W,, inspiratory muscle power. A, maximal flow Viwds B,
maximal pressure at zero flow (Py); €, maximal power (W, . ); D,
optimal flow (V wpe)s B, optimal pressure (P,,).

fatigue. All maneuvers were performed while seated and
were completed within ~15 min. Subjects received visual
feedback of pressure and flow to maximize respiratory ef-
forts, and were instructed to inhale maximally and as rapidly
as possible.

Pressure and flow measures were obtained from the sin-
gle inspiratory effort at each level of %P, that gave the
largest product of inspiratory pressure and flow (i.e., pow-
er). Pressure-flow data for the different %P, trials were
fitted by curves drawn according to a linear least squares
representation [P = aV + b], where P is pressure (cm H,0),
V is flow (L-s™ 1), and a and b are constants. Maximal flow
(V max) Was derived for each subject from the experimental
data by extrapolation. Inspiratory muscle power (W;) was
calculated from the product of inspiratory pressure and flow
rate. Maximal power of the inspiratory muscles (W, _.; cm
H,O-L™'s™") was calculated by differentiation from a zero
slope tangent to the flow-power data. Optimal flow (Vopt;
L-s~!and %V, and optimal pressure (Pope cm H,0 and
9%P,) were defined as the flow and pressure values corre-
sponding to W, ... on the power-flow curve, respectively
(see Fig. 1). The MRPD occurring during the initial incline
of the maximal inspiratory pressure curve was assessed and
defined as the positive peak of the pressure derivative as a
function of time.

IMT. After completion of the baseline measurements,
each training group performed IMT twice daily (6 d-wk ')
for 9 wk using a pressure-threshold device (POWER-
breathe®, IMT Technologies Ltd., Birmingham, UK) iden-
tical to that used to measure baseline dynamic inspiratory
muscle function. The first training session was supervised,
and subsequent sessions were performed in the subjects’
own time away from the laboratory. Group A performed 10
sets of three maximal static inspiratory maneuvers with
minimal recovery between sets from RV daily. During these
maneuvers, inspiratory airflow was negligible although a
1-mm orifice was exposed to prevent contraction of the
buccal muscles. Subjects were instructed to contract their
inspiratory muscles maximally for ~2 s. Group B performed

SPECIFICITY AND REVERSIBILITY OF IMT

30 maximal inspiratory efforts with no added external re-
sistance from RV daily. Group C performed 30 maximal
inspiratory maneuvers from RV at 50% P,. Subjects in
Groups B and C were instructed to continue the inspiratory
efforts up the lung volume where the inspiratory muscle
force output for the given load limited further excursion of
the thorax. Because of the increased tidal volume, a de-
creased breathing frequency was adopted to avoid hyper-
ventilation and the consequent hypocapnia. Control subjects
were assigned to group D and received no training. After the
intervention, three of the subjects from each of the three
IMT groups (A, B, and C) were assigned randomly to a
maintenance group (M). These subjects continued with their
original training but reduced their training frequency to 2
d-wk ™. The remaining subjects were assigned to a detrain-
ing group (DT) who refrained from IMT. It was impressed
upon subjects that all inspiratory efforts should be maximal
and rapid. The number of inspiratory efforts completed by
subjects during the nonsupervised sessions was monitored
using a thermistor suspended within the main body of the
training device that sensed acute drops in air temperature
associated with changes in airflow. Subjects completed both
IMT and physical activity diaries throughout the interven-
tion study.

Data Analyses

Mixed factorial ANOVA was used to test for between
group effects dye to treatment (group A, B, C, D, M, or DT)
and within-group effects due to time (week 0, 3, 6, 9, 18, and
27) on each of the dependent variables. Planned pairwise
comparisons were made with repeated measures r-tests and
the Bonferroni adjustment was used to modify the per fam-
ily Type 1 error rate per comparison. Results are expressed
as mean = SEM. An alpha level of 0.05 was chosen a priori
to represent statistical significance.

RESULTS
Habitual Physical Exercise and IMT Compliance

Physical activity did not vary between or within groups.
Furthermore, no differences were observed between and
within groups for the number of actual completed IMT
sessions relative to the expected number of sessions. Group
A completed 98 = 3 of the 108 IMT sessions (91% adher-
ence), group B completed 95 * 2 of the 108 IMT sessions
(88% adherence), whereas group C completed 96 = 3 of the
108 IMT sessions (89% adherence). For the 18-wk postint-
ervention period, group M completed 32 = 2 of the 36 IMT
sessions (90% adherence).

Pulmonary Function

For all groups, pulmonary function remained unchanged
from baseline values throughout the period of study.
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Maxivnum Dynamic Inspivatory Muscle Function

Pressure-flow-powser relationships. For group D,
maximum dynamic inspiratory muscle function remaines
unchanged from baseline values throughout the duration
of study. For the training groups, the post-IMT cffects
upon inspiratory muscle function were dependent on the
training protocol. After 9 wk of training, group A in-
creased P, (41 = 1%, P = 0.0y but not V., (7 = 1%),
group B showed an increase in V. (18 £ 1%, P =0.01)
but not Py (9 = 19%,), and group C showed an increase in
Py 34+ 1%, P=00l)and V. (26 = 1%, P =001
The slopes of the maximum inspiratory pressure-tflow
regression Hnes measured at bascling were pot different
between groups. After 9 wk of training, the slopes of
these lines were different from baseline values for group
A(=153 207 vs =117 + 06 ecm H,OL "s ', P =
0.01) and group B (—108 * 03 vs —11.7 = 0.3 cm
H,OL "7, =006 butnotgroup C (—12.8 £ 0.8 vs
118 07 em HO-L ™7 s ™h, P 0.G5) (Fig. 2). En line
with the-chapges in“pressure and flow, maximum power
of the inspiratory muscles (W, ) was increased in
groups A, B, and € by 48 = 3%, 25 = 3%, and 64 = 3%,
respectively (Fig. 3). Most of the improvements were
apparent after 6 wk of IMT and further training resulted
in minimal improvement. Pressure-flow-power data for
all groups are summarized in Table 2. The percentage
changes with training are suminarized in Figo 4.

MRPD. Significantincresses i MRPD above buseline val-
ues:were observed atter 9 wk of IMT for group A (5Y:% 1%},
group B (10 = %), and group € (2D = 19%), respectively (P
= (.01 {Table 2}, The time course of improvement in MRPD
continued up to 9wk for groups A and C (Fig. 4).

Maintenance of Inspiratory Muscle Functlion

A decrease in inspiratory myuscle function was observed
at 9 wk post-IMT in the group abstaining from training.
Between weeks 9 and 18, inspiratory muscle function pla-
teaued but remained above pre-IMT values. The muinte-
nance group retained the improvements in inspiratory nis-
cle-function (Table 3)

DISCUSSION
Main Findings

The purpose of this study was to determine ihe pres-
sure-flow specificity of adaptations to IMT, in addition 1o
the temporal effects of detraining and reduced frequency
of training upon these adaptations. As hypothesized,
high-pressure training produced the largest improvemeni
in pressure, high-{flow training produced large improve-
ment in flow, and intermediate training resulied in a more
uniform - increase in pressure and. flow. The maximal
power of the inspiratory muscles wag improved most by
the intermediate trainmg and least by the high-Tlow train-
ing, The:MRPD inceeased inalltraming groups with the
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FIGURE 2--Inspiratory mouth pressure (P} vs inspiratory flow rate
(V) before (closed circles) and after 9 wik of IMT {(open circles) for
groups A-D. Pi-V, dats are represented in both axes as pocled mean
*= SEM.

high-pressure ~and intermediate pressure-flow training
ehiciting the largest changes. Most of the pressure-flow-
power adaptations were expressed fully by the sixth week
of ‘training. Detraining resulted in small but significant
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FIGURE 3—Inspiratory muscle work rate (W) vs inspiratory flow
rate (V) before (closed circles) and after 9 wk of IMT (open circles) for
groups A-D. W,-V, data are represented in both axes as pooled mean
+ SEM.

reductions in inspiratory muscle function toward pre-
training values. Reducing the frequency of training by up
to two-thirds resulted in the maintenance of inspiratory
muscle function.

SPECIFICITY AND REVERSIBILITY OF IMT

Maximum Dynamic Inspiratory Muscle Function

Pressure-flow-power relationships. Our results sup-
port evidence that the general principle of force-velocity
specificity of skeletal muscle training applies to the inspira-
tory muscles. Specifically, training with high-pressure was
found to increase maximal static pressures (17,27,28) and
training with high-flow to increase maximal inspiratory
flow rates (27,28). The finding of an increase in both max-
imum pressure and flow after training with a mixed proto-
col, characterized by pressures and flows intermediate in
magnitude to their respective maximum, i in agreement
with the results from a previous study (28). The posttraining
increase in V. (18%) with flow training was appreciably
smaller than the increase in P, with pressure training in the
present study (41%) and in previous studies of IMT
(17,27,28). This finding suggests that P, is more responsive
to training stimuli than V. and is consistent with our
understanding of the factors that determine the force-veloc-
ity characteristics of muscle (16).

Although our results provide further support for a pressure-
flow specificity of IMT, it is unknown whether these adapta-
tions reflect changes in the contractile proteins or are related to
differences in inspiratory muscle activation induced by the
different protocols. In general, the initial period of improved
performance with strength training has been attributed primar-
ily to neural adaptations that occur in the first 3-6 wk of
training (20,25). Neural adaptations that may have occurred in
response to IMT include an increased number of motor units
recruited (1), an increased motor unit firing rate (25), enhanced
syichrony of motor unit firing (19), decreased co-activation of
antagonist muscle groups (8), or a combination of these factors.
Alternatively, the initial velocity-specific adaptation within
muscle might reflect acquisition of skill, such that fraining
improves coordination and muscle activation at the training
velocity (2). Later in the training cycle, the myogenic phase of
training tends to predominate where changes occur in the
contractile proteins (25). Muscle hypertrophy and a transfor-
mation of Type Il muscle fiber subtypes (from Type Iix to lIa)
have been reported responses to strength training (26). To what
extent, if any, these latter adaptations explain strength increases
is unclear, but there is substantial support for the involvement
of muscle hypertrophy in the increased strength observed with
training (26).

MRPD. The MRPD for the zero flow condition increased
in all training groups, with high-pressure (group A) and inter-
mediste pressure-tflow (group C) training eliciting the largest
changes. This finding is in contrast with the widely held belief
that training with static loads increases the maximal force
production of a muscle without changing the rate of force
development, whereas training with dynamic loads induces
smaller changes in force generation but increases the rate of
force development (9,12,13). All subjects in the present study
undertook training that involved rapid, ballistic contractions,
characterized by short times to peak tension development.
Thus, the finding of an increase in MRPD in response to both
high-pressure and intermediate pressure-flow IMT is in agree-
ment with recent evidence that the intent to make a high-speed
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TABLE 2. Summary of pressure-flow-powar data-for GroLps: A 0 B (mean: = SEM},

Waek Ho.
P, fcm H,0)

& 10510, 138 £ 12, 146 = 15,

B 105410, e+ 10, 112 =10,

¢ W1 eg 13+ 10, 131 =11,

L G710, 87 £ 10, 97+ 10,
Vi (L5771

A g2+07, 95+ 0.7, 97 47,

B 89407, 98 %07, 103 07,

¢ 8608, 9.8+ 0.8, 108 + 0.8,

B 8.3+ 05, 84+ 04, 83+ 05,

| max (Cm HQG'L . 5 ‘!)

A 289 %752, 337 » 50, 384 = B4, 381 = 59,

B 248 + 41, 2791 44, 297 + 44, 307 = 47,

G 222 +:35, 208 = 45, 355 + 55, 372 + B0,

0 203 +:28, 212 + 28, 205 + 28, 205+ 24,
Pop! (Cm H’:O)

A 5648, 69 = rz,, 73 %6, 7507,

3 54 x5, 551 5, 56 + 5, 57 £ 5,

c 5145, 59 = 5, 85 % 6, 58 £ 6,
9 48:= 5, 51 =5, 49+ 5, 51 x5,
Vo (L577)

A 44 =0.3, 48+ 0.4, 49 =04, 49+ 04,

44403, 49+ 03, 52 =04, 543 + 04,

G 43 04, 4.9 04, 53 = 0.5, 3.2 05,

3} 4.2 +03, 4203, 42202, 4.Q +01,
MRPD-{om-H,0:ms )

A 530 = 0.005, 0.801 + 0.007, 0.827 -+ 0.007, 0.842 £ 0.007,

B 0:525 = (£005, 0.575 = 0.005, 3573 = 0. 004 0.578 + 0.005,

G 0517 :0.008, 0.639 = 0.0062, 0.655 = 0012 0.865 « 0.011,

D 0521 = B0 0.530 » DOOo 0.531 +0067 0.531 + OGDY

N =6 in-2ach group. Py, maximem:inspiratery pressure at zern Tlow; ¥,

maxmun‘ maplm‘tow fow: W, s n“axmum nspsrmory muscle work rate; P, optimal pressure; ‘vnpt,

optimal flow; MRPE, maximum rate of pressurs devslopment. Means in the same row that do not share subscripts differ at P = .05

contraction may be the most.crucial factor in determining the
degree of adaptation in the velocity of a mechanical response
(3). ks _also. in_agreement with previous evidence thut the
MEPD increases in.response (o both high-pressure and high-
flow training during these respective maximai efforts (27). The
precise mechanismi(s) responsible for the chanse in MRPD
with training 15 unknown, The unique tiring frequency associ-
ated with dynanic contractions suggests possible adaptations
in the freguency of motor unit discharge with this-type of
training (3). This suggestion is supported by more recent gx-
perimental data showing that the decrease in time to peak
tension after dynamic training is associated with mcreased
maximal firing frequencies of motor units (29).

Time Course of Adaptations

Most-of ‘theradaptations ininspiratory-muscle function
were apparent with 6wk of IMT and further traising up to

9wk resulted in minimgal improvements. In the majority of

reported studies in healthy individuals, the duration of IMT
has'been 4~8-wk. In-afew studies, the training period-has
tasted for as little as 16 d (11) or aslong as 11 wk (30).
Volianitis® et-al: (30} did ‘not- detect “an improvesment in
inspiratory rouscle function between 4 and 11w of IMT. In
the “absence of an objective measure of IMT compliance,
those authors concluded that differences in subject motiva-
tion might have accounted for the finding. Gur data sugaest
that there is a physiological plateau in strengih and power
development in response to IMT at 6 wk.
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Maintenance of Inspiratery Muscle Function

To the authors’ knowledge, this is the first study 0 inves-
tigate specifically the effect of detraining “upon inspiratory
nrascle function: Nine weeks of detraining resulted i small but
significant reductions in most measures of inspiratery muscle
function. Between weeks 9 and 18, inspiratory muscle function
appeared to plateau, afthough it remained sbove pre-IMT val-
ues, In peripheral skeletal muscle, a limited decay in strength
has been observed during short periods of detraining of 2—-4 wk
in young adult subjects (15,23). In contrast, Tonger periads of
iraifiing cessation are usually accompanied by a more pro-
nounced decline in strength, but this loss is still imited ©
8—12% during periods of inactivity ranging from 8-31 wk
{(14,18). This is consistent with our finding that P, was reduced
by 7% after 9 wk of detraining and remained unchanged
thereatter up to I8 wksposttraining. Our subjécts exhibited a
more pronounced decrease with detraining in maximum in-
spiratory muscle power compared with strength (17 vs 7%).
This finding is consistent with a study that showed a significant
14% reduction in the ability of collegiate swimmers to generate
power during actual swimming despite a nonsignificant change
in musctlar strenpth a8 meastred on g swim bench (23),

Another unique feature of the present study was: the
assessment of inspiratory muscle function during a period
of reduced training. Subjects who reduced the freguency
of traning by ‘up to two thirds while keeping training
internisity constant maintained inspiratory muscle functien
for up to 18 wk post-IMT. This is consistent with the
results of other studies that found training intensity to-be
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FIGURE 4—Relative changes in maximum dynamic inspiratery muscle function from baseline vaiues for high-pressure (A), high-flow (B),
intermediate pressure and flow (C), and control groups (D) (mean = SEM). Py, inspiratory pressure at zero flow; V., maximum inspiratory flow;
W maxe HIAXIMEM inspiratory muscle work rate; MRPD, maximum rate of pressure development; * significantly different from baseline (7 =< 0.05);
T significantly different from preceding time point (P < 0.05).

more important than training frequency for the mainte-
nance of peripheral muscle strength (5,10).

Findings in the present study pertaining to the revers-
ibility of inspiratory muscle function have important
practical implications for individuals participating in
IMT programs. When training frequency must be reduced

for short periods of time, inspiratory muscle function may
be maintained by training as little as 2 d-wk™ ' as long
as the intensity of training is maintained. Completely
terminating training will result in significant reductions
in inspiratory muscle function, mostly within the first
9 wk.

TABLE 3frrsummaryr of post-iMT insp@ratory musgle function data fo'(imaviwrag;g LM) aﬁq Age_trqining_(p_AT) g@gsﬁ(rmean tSE"r\ﬁ)

Pre-iIMT IMT Post-IMT
Week No. 0 L] 18 27
Py (cm H,0)

M H2+7, 142 + 10, 142 + 10, 139 = 10,
T 96+ 7, 124 + 11, 15+ 8, 115 =7,
Vg fbs )

M 92+ 06 107 = 08, 106 + 0.8, 104 £ 0.8,
DT 86+ 05, 10.0 = 0.5, 9.1 =05, 81205,
WI max (Cm HQO'LVT‘S 1)

N 267 = 32 386 + 45, 381 = 46, 369 * 44,

DT 225 = 32, 320 + 43, 267 = 31, 269 + 27,
Pt (o H,0)

M 57 x4, 71 x5, 715, 705,
T 4914, 62 + 5, 57 + 4, 58 = 3,
Vopr (L7

M 45403, 5.4+ 04, 53+ 04, 52+ 04,

oT 42+ 02, 50 %03, 45+03,, 46+ 02,
MRPD {cm H,O-ms )

b 0.517 = 0.005, 0.686 = 6.041, 0.683 = 6.040, 0.680 + 0.041,

DT 0.531 = 0.003, 0.704 = 0.037, 0.605 :+ 0.034, 0.601 + 0.036,

1 == 9. See Table 2 for definitions. Means in he same row trat do not share subscripts differ &t P < 0.5,

SPECIFICITY AND REVERSIBILITY OF IMT Medicine & Science in Sports & Exercises, 243




CONCLUSIONS

Data from the present study support the pressure-tlow
(force-velocity) speciticity of IMT established previousiy
for other peripheral muscle training regimens. Most of the
pressure-flow-power adaptations were expressed fuily by
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