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BACKGROUND: Manual noninvasive respiratory techniques have traditionally been used to treat
respiratory pathologies. The aim of this study was to analyze the effects of the diaphragmatic
release technique and the thoracic lymphatic pump technique versus conventional respiratory
retraining in children with asthma. METHODS: Using a quasi-experimental design, 60 children
with asthma were allocated to undergo the diaphragmatic release technique (n � 20), thoracic
lymphatic pump technique (n � 20), or conventional respiratory retraining (n � 20) in this study.
Serum immunoglobulin E levels, diaphragmatic mobility, pulmonary function, and P(A-a)O2

were
assessed before and after 12 treatment sessions that were conducted over nonconsecutive days in a
4-week program. RESULTS: After 12 treatments, the changes in the serum immunoglobulin E level
for each group was not significantly different from the other groups. Compared with conventional
respiratory retraining, the diaphragmatic release technique was associated with a significant im-
provement in FVC (P � .001) and FEV1 (P � .002); the thoracic lymphatic pump technique showed
no differences. With regard to diaphragmatic mobility, both the diaphragmatic release technique
and the thoracic lymphatic pump technique yielded significantly favorable effects when compared
with conventional respiratory retraining (P < .001 and P � .01, respectively). Further, no signif-
icant between-group differences were detected in terms of the P(A-a)O2

(P � .07). CONCLUSIONS:
The thoracic lymphatic pump technique and conventional respiratory retraining approaches were
helpful interventions that could be used to alleviate the symptoms of childhood asthma. Neverthe-
less, the diaphragmatic release technique was a potentially more effective intervention. Key words:
asthma; diaphragmatic release technique; thoracic lymphatic pump technique; conventional respiratory
retraining. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Asthma has been identified as one of the most prevalent
chronic respiratory disorders to occur in children over the
past few decades. It is a heterogeneous disease that pres-
ents in multiple ways and includes airway inflammation,
bronchospasm, and airway obstruction. Asthma also fea-

tures associated clinical manifestations, such as eosinophil
and mast cell infiltration.1 Like other allergic diseases,
asthma is characterized by elevated levels of serum im-
munoglobulin (Ig) E, which interact with antigens and lead
to a variety of immunologic sequelae.2 During an asthma
exacerbation, the lungs and airways overreact to allergens
and breathing becomes harder.3 At this time, the alveolar-
arterial oxygen difference (P(A-a)O2

) rises,4 and the air is
trapped in the non-dependent areas of the lung in moderate
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and severe cases.5,6 Airway obstruction, air trapping, and
pulmonary hyperinflation may limit diaphragmatic move-
ment,7,8 which is associated with pulmonary function im-
pairment.9

Several manual techniques have been shown to improve
lung function, increase diaphragm and rib-cage mobility,
and, possibly, enhance immune function in patients with
respiratory diseases.10-14 The diaphragmatic release tech-
nique is a manual technique that was developed with the
aim of indirectly elongating tight diaphragmatic muscle
fibers while promoting greater and more efficient muscle
contraction.15 The diaphragmatic release technique has
been used in clinical practice as part of osteopathic med-
icine or manual therapy techniques to enhance pulmonary
function and to improve thoracic mobility in both healthy
individuals and patients with COPD or asthma,15-19 How-
ever, the scientific evidence about its effect is still insuf-
ficient, particularly in children with asthma. The thoracic
lymphatic pump technique is another noninvasive and cost-
effective technique for children with asthma.20 In the tho-
racic lymphatic pump technique, a compressive force is
applied to the thoracic cage during ventilation to create a
difference between the intra-abdominal and intra-thoracic
pressure.21 In addition to its advantageous effects on lym-
phatic and venous drainage, the thoracic lymphatic pump
technique can enhance deep diaphragmatic breathing by
controlling upper-chest movement.12 Nevertheless, the ef-
fect of the thoracic lymphatic pump technique in children
with asthma remains uncertain.

Conventional respiratory retraining for patients with
asthma involves a set of breathing and relaxation tech-
niques that has been advocated for asthma control. These
techniques include diaphragmatic breathing, nasal breath-
ing, breathing control exercises,22,23 and a complemen-
tary progressive muscle relaxation technique.24 Although
varying claims of efficacy have been made for each of
the techniques described here, no specific technique has
been endorsed by mainstream respiratory rehabilitation
practice. Therefore, the present study was conducted to
evaluate the effects of the diaphragmatic release tech-
nique and thoracic lymphatic pump technique in com-
parison with conventional respiratory retraining in chil-
dren with asthma.

Methods

Study Design

A single-blind, quasi-randomized experimental study de-
sign was used at the laboratories of the College of Applied
Medical Sciences, Prince Sattam bin Abdulaziz University
(Kingdom of Saudi Arabia), and the laboratories of King
Khalid Hospital in Al-Kharj, Kingdom of Saudi Arabia,
from September 2017 to October 2018. The study protocol

was compliant with both institutional ethics principles and
the Declaration of Helsinki. Before their involvement in
the study, participating children’s parents or guardians were
asked to provide their informed consent.

The study population was selected via convenience sam-
pling, and the sample size was determined based on a
type-1 error of 5% and a power of 80% as determined by
estimates of the mean FVC values (Mean 1, 70.7; Mean
2, 73; Mean 3, 69.3) and the corresponding SD
(Spooled � 3.7, if the SD within each group were equal to
the pooled SD). These values were collected during a small
pilot study. An overall sample size of 60 subjects was
determined for this study based on these assumptions
(n � 20 patients in each group). Any participants who
withdrew from the study were compensated. The analysis
was completed by using G*Power 3.0.10 (Neu-Isenburg,
Germany).25

Participants

The participants were recruited from King Khalid Hos-
pital and 2 other referral hospitals in Al-Kharj, Kingdom
of Saudi Arabia, between September 2017 and October
2018. Details that pertain to the inclusion and exclusion

QUICK LOOK

Current knowledge

Airflow limitation and pulmonary hyperinflation in
asthma may give rise to shortening of the diaphragm
and, thus, limit craniocaudal movement. Further, in-
creased respiratory muscle loading and decreased dia-
phragmatic excursion change the total thoracic compli-
ance and lower the capacity to achieve an effective
respiratory cycle. A variety of manual therapy proto-
cols that have the potential to improve pulmonary func-
tion are used in patients with pulmonary diseases. Nev-
ertheless, no specific technique has been endorsed by
standard pulmonary rehabilitation programs.

What this paper contributes to our knowledge

We analyzed the effect of the diaphragmatic release
technique and the thoracic lymphatic pump technique
compared to conventional respiratory retraining in chil-
dren with asthma. Overall, the diaphragmatic release
technique was more effective for demonstrating im-
provements in FVC, FEV1, diaphragmatic mobility, and
P(A-a)O2

. However, both thoracic lymphatic pump tech-
nique and conventional respiratory retraining could be
used to effectively reduce the symptoms of asthma in
children.
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criteria were thoroughly explained to the participants’ par-
ents and guardians at the time of recruitment, and they
were reminded of these criteria 2–3 d before scheduling
their participation date. The inclusion criteria were mod-
erate (peak expiratory flow [PEF], 60–80%) or severe
asthma (PEF � 60%),26 well-controlled asthma with no
changes in asthma medication use for �1 month; had taken
stable doses of inhaled corticosteroids for at least 1 month
before enrollment in the study; between the ages of 10 and
18 y; and a body mass index � 30 kg/m2. The exclusion
criteria included unstable asthma, exacerbation of asthma
symptoms that required the use of systemic corticosteroids
in the previous 4 week or during the study period, other
respiratory or health-related problems that conferred greater
morbidity than asthma, a history of thoracic surgery, and
an inability to understand instructions necessary for as-
sessment and treatment.

Participants’ Allocation

A quasi-random allocation technique was used to assign
the participants to 1 of the 3 treatment conditions. The
participants were sequentially allocated into each condi-
tion based on the order in which they were recruited into
the study. The participants were allocated to the diaphrag-
matic release technique group, thoracic lymphatic pump
technique group, and conventional respiratory retraining
group, in that order. Further, on the exclusion or with-
drawal of a participant from any group, an alternate par-
ticipant was recruited and allocated to that group.

Outcome Measures

The pulmonary function assessor and the radiologist
who collected the data were blinded to the participants’
group allocation. All the participants completed the same
measurements before and immediately after the interven-
tion (ie, after the 12th session). The outcome measures
included serum IgE, diaphragmatic mobility, pulmonary
function, and P(A-a)O2

.

Total Serum IgE

Each participant was seated comfortably for 15 min.
Before blood sampling, the skin area over the median
cubital vein or dorsal metacarpal veins was cleaned with
70% ethyl alcohol and was left to dry. A tourniquet was
applied 7.5 cm above the puncture site.Vacutainers (Bec-
ton Dickinson, Plymouth, UK) then were used to collect
3 mL of blood. The blood sample was left undisturbed for
30 min until complete clotting. The serum was separated
from the clot by centrifugation and then the serum was
stored at �20°C until the analysis was carried out. Total
serum IgE were assessed at 450 nm by using enzyme-

linked immunosorbent assay kits and the Organon Teknika
Microwell system (Organon Teknika Corp, Boxtel, the
Netherlands). Serum IgE were expressed as IU/mL.27

Pulmonary Function Test

FVC, FEV1, and PEF were measured for each partici-
pant by using a portable MicroLab spirometer (Vyaire
Medical, Mettawa, Illinois) according to the current stan-
dards for lung function testing.28 An orientation session
was provided to each participant, and the procedure was
explained before the actual test was conducted. The par-
ticipants were previously instructed to avoid strenuous ac-
tivities and heavy meals before the test. Each participant
assumed an upright standing position; then, a soft clip was
applied to the nostrils to prevent air leakage from the nose.
With the lips tightly closed on the mouthpiece, each pa-
tient was first instructed to breathe normally for several
cycles. They were then asked to breathe in slowly and as
deeply as possible, and then to breathe out forcefully. To
ensure repeatability, 3 trials were performed, and the high-
est scores were further analyzed. The FVC, FEV1, and
PEF were expressed as a percentage of the predicted val-
ues.

Diaphragmatic Mobility

A sonographic examination of diaphragmatic mobility
was performed by using a high-resolution ultrasound scan-
ner (Logiq 500, Pro Series, GE Medical Systems, Milwau-
kee, Wisconsin). The diaphragmatic movement was re-
corded in M-mode. To maintain a constant angle of
incidence, simultaneous imaging in B-mode was provided
(Fig. 1). Each participant was evaluated, while the partic-
ipant was in the horizontal dorsal decubitus position, by
using a 3.5 MHz phased-array probe that was applied sub-
costally at the anterior axillary line. The probe was di-
rected medially, cranially, and dorsally, and targeted the
liver. Diaphragmatic mobility was identified by assessing
the craniocaudal displacement of the liver during the max-
imum inspiratory and expiratory capacity, and it was de-
marcated by the cursor in millimeters.29 The test was re-
peated for each participant until 3 satisfactory trials were
obtained, and the average value of the 3 trials served as the
final value used for statistical analysis. All the participants
were assessed by the same radiologist who was blinded to
the treatment.

P(A-a)O2

A blood sample was drawn from either the radial or the
brachial arteries after each participant was seated comfort-
ably to allow for quiet breathing of the room air for 10 min.
PaO2

and PaCO2
were measured right after the sample was
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obtained by using a Spectra metabolic cart (Sensor Medics,
Yorba Linda, California). P(A-a)O2

was calculated from the
following equation:

P(A-a)O2
� PaO2

� PaO2

where PaO2
is the partial alveolar oxygen pressure.

PaO2
was determined by the arterial blood gas analysis,

and the PaO2
was calculated from the following equation:

PaO2
� (Patm � Pwater) FIO2

� PaCO2
/0.8

where Patm is the atmospheric pressure, Pwater is the vapor
pressure of water at body temperature, FIO2

(21% of room
air), and 0.8 is the respiratory quotient.30

Intervention

The participants in the 3 groups received a total of
12 treatments sessions (ie, 3 times a week over a 4-week
period). The treatment was performed by 3 well-trained
physical therapists (RKE, MAS) who were familiar with

the study interventions. The participants in each group
were treated by the same therapist to ensure consistent
application of each treatment. The participants were as-
signed to the following treatments.

Diaphragmatic Release Technique

Treatment with the diaphragmatic release technique was
directed to optimize the function of the diaphragm by means
of stretching its fibers and releasing it from the surround-
ing tissues.

While the participant lay in the supine position and the
therapist stood at the participant’s head, the therapist passed
his hands (the hypothenar and the lateral 3 fingers) under-
neath the costal cartilage of the seventh to the tenth ribs
bilaterally, with the therapist’s forearm aligned up toward
the subject’s shoulder. Then, the therapist quietly drew the
ribs upward and slightly laterally during the inspiratory
phase, in association with costal elevation. The therapist
then went deeply with both hands toward the inner costal
margin during the expiratory phase to resist the rebound-
ing movement of the thoracic cage. The depth of this

Fig. 1. Ultrasonography of the diaphragm.
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manual contact was progressively increased in subsequent
respiratory cycles. The procedure was applied as demon-
strated by Rocha et al,16 with minimum modification to
ensure ease of application to the study population. The
maneuver was repeated in 4 sets, each of which consisted
of 5 deep breaths with 2-min intervals in between.

Thoracic Lymphatic Pump Technique

The thoracic lymphatic pump technique incorporates
rhythmic chest-wall compression during the respiratory
cycle, which is intended to trigger alveolar and airway
expansion to enhance deep diaphragmatic breathing. The
participant lay in the supine position; the therapist was
positioned at the participant’s head, facing the participant.
The therapist then placed the thenar eminence of each
hand to the pectoral region infraclavicularly and the other
fingers were spread around the thoracic cage and angled
toward the body’s side to create a consistent, compressive
force across the thoracic cage. The participant was then
allowed to breathe in deeply and breathe out. While breath-
ing out, rhythmic oscillatory compression in the posterior
and caudal direction was applied to the chest wall. By the
end of the expiratory phase, the compressive force was
maintained, and the participant was asked to take another
deep breath. In this way, the participant encountered some
resistance equivalent to the chest-wall movement during
inspiration. The maneuver was repeated for 5 respiratory
cycles, then the therapist slowly reduced the compressive
force and withdrew his hands to allow for full inspira-
tion.13

Conventional Respiratory Retraining

A physical therapist-led respiratory retraining program
for patients with asthma was individually administered
with the aim of alleviating hyperventilation and hyperin-
flation, promoting normalization of the breathing pattern,
and enhancing the strength of the respiratory muscles. This
training process comprised the following steps:

1. Slow and deep diaphragmatic breathing
2. Nasal breathing with pursed lip expiration (the partic-

ipants were instructed to focus on their expiratory pres-
sure against pursed lips)

3. Breathing control and breathing-hold exercises (end-
inspiratory breathing hold to improve collateral venti-
lation and end-expiratory hold to correct hyperventila-
tion)

4. Inspiratory muscle retraining (a pressure threshold load-
ing protocol was implemented for 20 breaths)

5. Relaxation techniques: Each subject was taught to de-
liberately create tension in the abdominal, chest, neck,
and shoulder-girdle muscles, and then to relax the mus-

cles and focus his or her attention toward muscle re-
laxation as the tension loosened up.

Statistical Analysis

All data were checked for normality by using the Sha-
piro-Wilk test. Continuous data are presented as the
mean � SD (95% CI for the means). One-way analysis of
variance was used to explore the differences between
groups, and the post hoc Tukey-Kramer honest significant
difference test was used for pairwise comparisons. Paired-
samples t tests were used to calculate the pre- and post-
treatment mean differences within each group. Cohen’s d
was used to estimate the effect sizes for the standardized
differences in the paired-samples t tests. Statistical signif-
icance was set at P � .05. The analysis was completed by
using MedCalc software v15.8 (MedCalc Software, Mari-
akerke, Belgium).

Results

Eighty-three individuals were potentially eligible to take
part in the study. Sixteen were initially excluded because
they did not meet the inclusion criteria. Seven were ex-
cluded after enrollment because 4 of them missed 2 con-
secutive treatments and 3 of them had exacerbated symp-
toms that required medication changes; a total of 60
participants completed the study. The baseline demographic
and clinical characteristics of the participants are presented
in Table 1; the study groups were well balanced, except for
body mass index.

Serum IgE

The serum IgE data of the study groups are presented in
Table 2. The serum IgE values in all the groups were
comparable before treatment (P � .26). A statistically sig-
nificant variation was seen among the study groups after
treatment (P � .046). The post hoc analysis showed that
each group was not significantly different from the other
groups. Within-group analysis showed a significant
reduction in IgE for all the groups (diaphragmatic release
technique, P � .001; thoracic lymphatic pump technique,
P � .032; and conventional respiratory retraining, P �
.033).

Pulmonary Function

As shown in Table 3, the pulmonary function values
(FVC, P � .09; FEV1, P � .41; and PEF, P � .78) for all
the groups were similar before treatment. Statistically sig-
nificant between-groups differences were seen for FVC
(P � .001) and FEV1 (P � .003) after treatment, with no
detectable differences in PEF (P � .14). With regard to the
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FVC, the pairwise comparisons showed a preferable effect
of the diaphragmatic release technique when compared
with conventional respiratory retraining (P � .001) but not
to the thoracic lymphatic pump technique (P � .16 ).
Further, both the thoracic lymphatic pump technique and
the conventional respiratory retraining yielded a similar
effect (P � .11). With regard to FEV1, the diaphragmatic
release technique produced a better effect than did the
conventional respiratory retraining (P � .002) but not bet-
ter than the thoracic lymphatic pump technique (P � .21),
and the effect for both the thoracic lymphatic pump tech-
nique and the conventional respiratory retraining was sim-
ilar (P � .14). In addition, within-groups comparisons
showed significant improvements across all pulmonary
function measures for all groups with a medium (0.5 � Co-
hen’s d �0.8) to large (Cohen’s d� 0.8) effect size.

Diaphragmatic Mobility

Changes in diaphragm mobility are shown in Table 4.
No significant between-groups differences were detected
before treatment (P � .36). A significant difference was
observed between the groups after treatment (P � .001).

The post hoc analysis revealed a favorable effect of the
diaphragmatic release technique (P � .001) and the tho-
racic lymphatic pump technique (P � .01) when compared
with the conventional respiratory retraining, whereas the
diaphragmatic release technique and thoracic lymphatic
pump technique groups were not significantly different
from each other (P � .36). Furthermore, diaphragmatic
displacement had significantly changed within all the
groups, with a large effect found for the diaphragmatic
release technique and the thoracic lymphatic pump tech-
nique (Cohen’s d � 0.8) and a medium effect for conven-
tional respiratory retraining (0.5 � Cohen’s d � 0.8).

P(A-a)O2

Changes in the P(A-a)O2
and blood gases are shown in

Table 5. The study groups were similar (P � .09) before
treatment. No significant differences in the P(A-a)O2

and
PaO2

were found among the study groups after treatment
(P � .07 and P � .31, respectively). Nevertheless, signif-
icant differences in PaO2

and PaCO2
were indicated between

the study groups after treatment (P � .035 and P � .037,
respectively). The post hoc analysis showed that PaO2

was

Table 1. Demographic Characteristics of Subjects at Baseline

Characteristics DRT Group TLPT Group CRR Group P

Age, mean � SD y 13.5 � 2.9 14.6 � 2.5 12.9 � 2.3 .12
Boys/girls, n 16/4 14/6 12/8 .39
Weight, mean � SD kg 43.25 � 7.97 46.95 � 7.83 41.45 � 8.61 .10
Height, mean � SD m 1.37 � 0.11 1.43 � 0.09 1.41 � 0.10 .16
BMI, mean � SD kg/m2 22.95 � 2.42 22.63 � 1.96 20.74 � 2.06 .004
Severity, moderate/severe, n 13/7 18/2 15/5 .17
FVC, mean � SD 72.15 � 5.03 73 � 2.92 69.55 � 6.73 .09

DRT � diaphragmatic release technique
TLPT � thoracic lymphatic pump technique
CRR � conventional respiratory retraining
BMI � body mass index

Table 2. Immunoglobulin E in the Study Groups

Parameter DRT Group TLPT Group CRR Group P

IgE, mean � SD (range) IU/mL
Pretreatment test 308.85 � 48.52 (286.14–331.56) 298.85 � 46.71 (276.98–320.71) 281.25 � 62.75 (251.88–310.62) .26
Posttreatment test 210.20 � 51.92 (185.89–234.50) 256.65 � 68.48 (224.59–288.70) 248.95 � 63.71 (219.13–278.77) .046

t test 6.343 2.314 2.306
P �.001 .032 .033
Cohen’s d 2.04 0.72 0.51

P value in column represent the “level of significance between groups”. While P value in row represent the “level of significance within each group”.
IgE � immunoglobulin E
DRT � diaphragmatic release technique
TLPT � thoracic lymphatic pump technique
CRR � conventional respiratory retraining
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significantly reduced after the diaphragmatic release tech-
nique compared with the thoracic lymphatic pump tech-
nique (P � .03), whereas the changes in PaO2

after con-
ventional respiratory retraining was comparable with that
after the diaphragmatic release technique (P � .67) or the
thoracic lymphatic pump technique (P � .19). In addition,
the PaCO2

significantly increased after the diaphragmatic
release technique when compared with the thoracic lym-
phatic pump technique (P � .032) but not when compared
with the conventional respiratory retraining (P � .69), and
the changes in PaCO2

after the thoracic lymphatic pump
technique and the conventional respiratory retraining were
not statistically different (P � .19). Within-groups com-
parisons showed significant changes in P(A-a)O2

across all
the groups, with a large effect for diaphragmatic release

technique (Cohen’s d � 0.08) and a medium effect for the
thoracic lymphatic pump technique and the conventional
respiratory retraining (0.5 � Cohen’s d � 0.8). Also, the
mean PaO2

and PaCO2
were significantly changed in the

diaphragmatic release technique group (P � .02), with a
medium effect size (0.5 � Cohen’s d � 0.8), and neither
of these values showed significant changes in the thoracic
lymphatic pump technique or conventional respiratory re-
training groups. Overall, the mean PaO2

revealed nonsig-
nificant changes across all the groups.

Discussion

The main objective of this study was to evaluate the
effect of the diaphragmatic release technique and the tho-

Table 3. Values of Pulmonary Function Measures Within and Between Groups

Variable DRT Group TLPT Group CRR Group P

FVC
Pretreatment test, mean � SD (range) 72.15 � 5.03 (69.79–74.50) 73 � 2.92 (71.63–74.37) 69.55 � 6.73 (66.39–72.70) .09
Posttreatment test, mean � SD (range) 78.50 � 3.58 (76.83–80.17) 75.90 � 5.25 (73.44–78.36) 73.05 � 4.19 (71.09–75) .001
P �.001 .032 .048
Change, % 8.8 4 5
Cohen’s d 1.45 0.68 0.62

FEV1

Pretreatment test, mean � SD (range) 50.40 � 6.23 (47.50–53.31) 52.25 � 5.92 (49.48–55.02) 49.85 � 5.46 (47.29–52.41) .41
Posttreatment test, mean � SD (range) 59.90 � 5.61 (57.27–62.52) 56.80 � 4.96 (54.48–59.12) 53.30 � 6.53 (50.24–56.37) .003
P .001 .007 .02
Change % 18.8 8.7 6.9
Cohen’s d 1.60 0.83 0.57

PEF
Pretreatment test, mean � SD (range) 63.15 � 8.23 (59.29–67) 62.55 � 7.34 (59.12–65.98) 61.45 � 7.72 (57.84–65.06) .78
Posttreatment test, mean � SD (range) 71.20 � 8.92 (67.02–75.38) 67.60 � 9.41 (63.19–72) 66 � 6.33 (63.04–68.96) .14
P .002 .02 .02
Change, % 12.7 8.1 7.4
Cohen’s d 0.94 0.60 0.64

P value in column represent “level of significance between groups”. While P value in row represent “level of significance within each group”.
FVC, FEV1, and PEF are expressed as percentages (%) of predicted values.
DRT � diaphragmatic release technique
TLPT � thoracic lymphatic pump technique
CRR � conventional respiratory retraining
PEF � peak expiratory flow

Table 4. Diaphragmatic Displacement in All Groups

Variable DRT Group TLPT Group CRR Group P

Pretreatment test, mean � SD (range), mm 24.87 � 6.06 (22.04–27.72) 22.84 � 3.82 (21.05–24.63) 23.65 � 3.13 (22.19–25.12) .36
Posttreatment test, mean � SD (range), mm 30.36 � 3.94 (28.51–32.20) 28.90 � 3.61 (27.21–30.95) 25.60 � 2.19 (24.57–26.63) �.001
P .001 �.001 .01
Cohen’s d 1.07 1.63 0.72

P in the column represent “level of significance between groups” and P in the row represent “level of significance within each group”.
DRT � diaphragmatic release technique
TLPT � thoracic lymphatic pump technique
CRR � conventional respiratory retraining
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racic lymphatic pump technique in comparison with con-
ventional respiratory retraining in terms of serum IgE,
pulmonary function, diaphragmatic mobility, and P(A-a)O2

in the treatment of children with asthma. The results of the
present study showed significant improvements across all
measured variables for all the groups. The results also showed
that the 3 groups demonstrated similar improvements with
respect to serum IgE and PEF. The diaphragmatic release
technique group showed greater improvement in FVC and
FEV1, diaphragmatic mobility, and P(A-a)O2

.
Because the study interventions and many outcome mea-

sures have not been previously evaluated in children with
asthma, the results of the present study were difficult to
compare with other published results. In fact, to our knowl-
edge, the diaphragmatic release technique has undergone a
single evaluation that included a sample of subjects with
asthma.19 Also, the efficacy of the thoracic lymphatic pump
technique has been assessed by few studies.20,31 In addi-
tion, this study explored the effectiveness of manual re-
spiratory techniques on serum IgE and the P(A-a)O2

, which
we believe has not been done previously.

To date, the scientific evidence that demonstrates the
effects of the diaphragmatic release technique in subjects
with asthma is lacking or very limited. A single-blind,
randomized controlled pilot study by Leonés-Macías et al19

evaluated the effect of the diaphragmatic release technique
versus placebo treatment in a sample that included 32 par-
ticipants with asthma. The results showed that the dia-
phragmatic release technique has the potential to signifi-
cantly improve maximum inspiratory pressure and chest-
wall mobility immediately (ie, within 5 min) after a single
session of the diaphragmatic release technique.

Previous studies explored the effect of the diaphrag-
matic release technique in subjects with COPD16,32 and
in subjects who were healthy and sedentary.14,15,18,33,34

Rocha et al16 analyzed the effect of 6 treatments with the
diaphragmatic release technique versus a sham treatment
in subjects with COPD on nonconsecutive days over the
course of 2 week. Their results showed significant im-
provements in diaphragmatic mobility, inspiratory capac-
ity, and exercise capacity. In line with the results obtained
in subjects with COPD,16 the results of the present study
showed an improvement of diaphragmatic mobility in chil-
dren with asthma. It is possible that some methodological
similarity may explain the comparability of the results.
The present study included subjects with chronic respira-
tory disease; the procedure for the diaphragmatic release
technique was identical and diaphragm movement was vi-
sualized by sonographic examination. In another study,
conducted by Abdelaal et al,32 the effect of diaphragmatic

Table 5. P(A-a)O2
, Alveolar Oxygen Tension, and Blood Gases (mm Hg) in All Groups

Variable DRT Group TLPT Group CRR Group P

P(A-a)O2

Pretreatment test, mean � SD (range) mm Hg 9.80 � 2.87 (8.45–11.14) 10.35 � 1.97 (9.43–11.27) 8.83 � 1.63 (8.06–9.59) .09
Posttreatment test, mean � SD (range) mm Hg 7.50 � 1.49 (6.80–8.20) 8.67 � 2.93 (7.87–9.47) 8.12 � 1.48 (7.43–8.82) .07
P .003 �.001 .01
Cohen’s d 1.03 0.67 0.46

PaO2

Pretreatment test, mean � SD (range) mm Hg 90.95 � 10.31 (86.12–95.78) 93 � 8.12 (89.19–96.80) 89.32 � 9 (85.11–93.53) .45
Posttreatment test, mean � SD (range) mm Hg 86.05 � 7.62 (82.48–89.62) 91.62 � 6.62 (88.5–94.72) 87.88 � 5.86 (85.13–90.62) .035
P .02 .47 .49
Cohen’s d 0.54 0.18 0.19

PaO2

Pretreatment test, mean � SD (range) mm Hg 81.15 � 10.27 (76.34–85.95) 82.65 � 8.58 (78.64–86.65) 80.70 � 8.92 (76.53–84.87) .79
Posttreatment test, mean � SD (range) mm Hg 79.05 � 9.14 (74.77–83.33) 82.50 � 6.48 (79.46–85.53) 79.75 � 6.58 (76.67–82.83) .31
P .26 .94 .66
Cohen’s d 0.21 0.02 0.12

PaCO2

Pretreatment test, mean � SD (range) mm Hg 47.25 � 8.27 (43.38–51.12) 45.60 � 6.48 (42.56–48.63) 48.55 � 7.24 (45.16–51.94) .45
Posttreatment test, mean � SD (range) mm Hg 51.10 � 6.03 (48.27–53.92) 46.70 � 5.33 (44.20–49.19) 49.70 � 4.69 (47.50–51.89) .037
P .02 .47 .49
Cohen’s d 0.53 0.18 0.19

P value in column represent “level of significance between groups”. While P value in row represent “level of significance within each group”.
P(A-a)O2 � alveolar-arterial oxygen difference
DRT � diaphragmatic release technique
TLPT � thoracic lymphatic pump technique
CRR � conventional respiratory retraining
PAO2 � partial alveolar oxygen pressure
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release was evaluated in adult subjects with COPD. The
results of the study showed significant improvements in
pulmonary function in terms of FVC and FEV1 as well as
with respect to functional capacity. In agreement with these
results, the present study showed a large effect of the
diaphragmatic release technique, with a significant im-
provement in FVC and FEV1, and across other respiratory
parameters, for example, PEF.

Marizeiro et al15 evaluated whether diaphragmatic myo-
fascial release could improve chest-wall mobility and re-
spiratory muscle strength in women ages 18–35 y and who
are sedentary. They found an immediate improvement in
chest-wall mobility after a single treatment. Their results
also indicated nonsignificant changes in respiratory muscle
strength. In addition, Braga et al14 analyzed the effect of the
diaphragmatic release technique on chest mobility and max-
imum expiratory pressure in young girls. The participants in
their study demonstrated improvements after the interven-
tion.14 It is worth pointing out that the treatment consisted of
2 sessions of “diaphragm lift,” similar to the diaphragmatic
release technique performed in the present study.

With regard to the effectiveness of the diaphragmatic
release technique, González-Álvarez et al18 evaluated the
effect of diaphragm stretching on lung function and max-
imum respiratory pressure in subjects who were healthy.
Their results showed an improvement in FVC, FEV1, and
inspiratory muscle strength from the pre- to posttreatment
tests after a single session; however, lung function mea-
sures showed a significant increase in FEV1 at 5 min and
a decrease at 20 min after treatment.18 Given the differ-
ences in treatment frequency and duration, our results
showed significant increases in the FVC and FEV1 in chil-
dren with asthma that were comparable with the findings
observed in subjects who were healthy.

In our viewpoint, releasing the diaphragm from the ad-
hesions and elongation of the insertional band of the an-
terior costal fibers of the diaphragm might allow the chest
to gain more flexibility, which allows the diaphragm to
move more efficiently and improves respiratory capacity
via deeper and slower breathing and more efficient gas
exchange in patients with asthma. In addition, the effect of
the diaphragmatic release technique might be related to the
somatic visceral reflex. Mobilization of the lower ribs,
which connect posteriorly to the thoracic spine close to the
sympathetic chain ganglion, is likely to produce a short-
term inhibitory effect on the sympathetic preganglionic
nerves and provides relief from bronchospasm, enhances
venous and lymphatic flow from the bronchial and peri-
bronchial tissues, improves the arterial supply, and facil-
itates the breathing effects. Hence, this may explain the
distinct link between the diaphragmatic release technique
and improvements in pulmonary function.35

With regard to the thoracic lymphatic pump technique,
several researchers have administered this technique to try

to control the symptoms of COPD and asthma. However,
there is still limited evidence to support the role of the
thoracic lymphatic pump technique among patients with
asthma. In a clinical trial conducted by Elnaggar and
Shendy,20 the effects of the thoracic lymphatic pump tech-
nique on serum IgE and pulmonary function were ex-
plored in 18 children ages 8–14 years and diagnosed with
asthma. The results showed significant improvements in
FVC, FEV1, PEF, and FEV1/FVC, but they did not show
significant changes in serum IgE. In line with these results,
the thoracic lymphatic pump technique group in the pres-
ent study showed improvements in FVC, FEV1, and PEF,
but our results showed a significant increase in serum IgE
as well.

Another study, by Falzon,31 was conducted to investi-
gate the short-term effect of the thoracic lymphatic pump
technique on FVC and FEV1 in 15 subjects with asthma
and 15 subjects without asthma. The findings of the study
by Falzon31 showed nonsignificant changes in FVC and
FEV1 in both groups. The researcher collected spirometric
data before and immediately after a single administration
of the technique, which was not enough to produce changes
in lung function. Mascarenhas et al13 analyzed whether the
thoracic lymphatic pump technique could improve pulmo-
nary function in 50 subjects with COPD. They observed
significant improvements in FVC, FEV1, FVC/FEV1, and
PEF from the pre- to posttreatment tests. In line with the
results obtained from subjects with COPD, we found sig-
nificant improvements in pulmonary function variables in
children with asthma.

The effects of the thoracic lymphatic pump technique
might be explained by many factors. First, this method
may alleviate the mechanical impediments to rib-cage mo-
bility, which increases the displacement volume of the
diaphragm. Second, improvement in diaphragmatic breath-
ing during the inspiratory phase may have been due to a
drop in intrathoracic pressure. It is possible that the resis-
tance offered during the inspiratory phase in the thoracic
lymphatic pump technique provides a form of strength
training to the diaphragm, which facilitates forceful breath-
ing patterns.36 Third, there was demonstrated augmenta-
tion of expiratory efficiency when using rhythmic oscilla-
tory compression undertaken during expiration. Also, the
enhancement of pulmonary blood flow and the promotion
of lymphatic drainage due to the pumping mechanism of
the technique were also observed.

Despite the fact that the results of the present study
showed significant improvements in FVC and FEV1 in all
the groups, there was considerable variation in the im-
provement rates among the study groups. A previous study,
by Santanello et al,37 demonstrated that clinically impor-
tant improvements in subjects with asthma should be at
least 8–10%. In the diaphragmatic release technique group
of our study, changes in the FVC, FEV1, and PEF were
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clinically important, because the percentages that indicated
clinical improvements were greater than the minimum clin-
ically important difference. Likewise, the changes in the
thoracic lymphatic pump technique group were clinically
important, except for the FVC, which demonstrated a
change of only 4%.

Although the changes in the conventional respiratory
retraining group were lower than the minimum clinically
important difference, these changes were still statistically
significant. It can be argued that the methods used to cal-
culate the minimum clinically important difference in pre-
vious studies were based on relating the changes in lung
function measures to patients’ reports of their asthma. Thus,
these methods have limited generalizability because vari-
abilities in asthma perceptions may exist among individ-
uals when responding to the questionnaire. In addition,
these studies collected data from adult patients with asthma,
whereas the present study was conducted on younger sub-
jects who might be more sensitive to smaller changes in
asthma measures that can be used to define improvement.

Some limitations of this study are worth mentioning.
First, there was a lack of follow-up to determine the long-
term effects of the treatments examined in this study. Sec-
ond, the sample size was not large enough to allow the
treatment effect to be analyzed in various subgroups, such
as asthma severity, or demographics such as participants’
age and sex, which may alter the findings obtained through
our statistical analyses. Therefore, future research should
consider subgroup analysis in larger samples. Third, be-
cause the diaphragmatic release technique offers anatomic
accessibility, only the costal portion was released when
using the anterior approach. Thus, one must exercise cau-
tion when attempting to compare the results of this study
with those of other studies. Also, blinding of the physio-
therapists who administered the intervention was unach-
ievable due to the nature of the intervention.

Conclusions

This study demonstrated that 12 treatment sessions with
the diaphragmatic release technique, thoracic lymphatic
pump technique, or conventional respiratory retraining
could be used to effectively reduce the symptoms of asthma
in children. Overall, the diaphragmatic release technique
was more effective for demonstrating improvements in
FVC, FEV1, diaphragmatic mobility, and P(A-a)O2

. Further
studies should focus on monitoring the long-term changes
and sustainability of these treatment effects.
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