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Effects of proprioceptive neuromuscular facilitation
combined with threshold inspiratory muscle training on
respiratory function in neurocritical patients with weaning
failure: a randomized controlled trial

Qian Zhou?, Yuanyuan Zhang? Wei Yao? Sijie Liang®, Hui Feng® and

Huaping Pan®

The purpose of this study was to determine the effects of
combining proprioceptive neuromuscular facilitation (PNF)
with threshold inspiratory muscle training (TIMT), compared
with TIMT alone, on respiratory function in neurocritical
patients who experienced a weaning failure. Forty-seven
participants (mostly after a stroke), were randomly divided
into the experimental group (n = 24) and the control group
(n = 23). The control group received usual care and TIMT,
whereas the experimental group, in addition, underwent
four 90-s periods of manual PNF. Both groups performed
training in the ICU twice a day for 5 consecutive days. The
main outcome measures included maximum inspiratory
pressure, diaphragmatic excursions, diaphragm thickening
fraction, oxygenation index, and forced expiratory volume in
1 s/forced vital capacity. The results showed a significant
group-by-time interaction effect for maximum inspiratory
pressure [F (1, 45) = 17.84, > = 0.328, P< 0.001] and
oxygenation index [F[1, 45) = 5.58, 5 = 0.11, P= 0.023].
When compared with the control group, the experimental
group showed overall significantly higher maximum

Introduction

Stroke affects not only the control of volitional move-
ments but can also decrease respiratory muscle strength.
The severity of these impairments may increase mortality
and prolong the length of stay in the ICU [1]. Mechanical
ventilation [2,3] is an essential life-saving intervention
that can prevent respiratory infections and other compli-
cations. Current studies on mechanical ventilation, how-
ever, indicated that prolonged mechanical ventilation can
lead to impaired inspiratory muscle strength and endur-
ance, pneumonia, and other related complications [4].
In a study of 124 patients ventilated for more than 24 h,
54% had detectable inspiratory muscle weakness before
ventilatory weaning and inspiratory muscle weakness
was independently associated with 1 year mortality [5].
Therefore, numerous clinical studies have recommended
respiratory capacity training for the prevention of wean-
ing failure [4,6,7].
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inspiratory pressure [mean difference = 4.37 cm H20, 95%
confidence interval (Cl) 0.25-8.50, P= 0.038]. No other
significant group differences were found. Combining PNF
with TIMT may improve respiratory function in neurocritical
patients with weaning failure. This combination approach
may increase the likelihood of survival of neurocritical
patients in the ICU. International Journal of Rehabilitation
Research XXX: XXXX-XXXX Copyright © 2024 The
Author(s). Published by Wolters Kluwer Health, Inc.
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Threshold inspiratory muscle training (TIMT) is a
promising treatment and has been used in neurocritical
patients with weaning failure [6]. TIMT exerts a load
on the diaphragm and accessory inspiratory muscles and
requires patients to initiate inspiratory flow by gener-
ating negative intrathoracic pressure. Thus, TIMT can
help to increase inspiratory muscle strength and res-
piratory function [8]. The most common complication
in patients is diaphragmatic weakness, which may be
accompanied by increased airway resistance, decreased
respiratory compliance, and increased respiratory load.
Nevertheless, TIMT is a widely used training method
for improving respiratory dysfunction. Bissett ez a/. [9]
showed that mechanical threshold loading inspiratory
muscle training improves the quality of life and dysp-
noea in patients who are ventilator-dependent even in
the absence of strength improvements or acceleration of
ventilator liberation.

Proprioceptive neuromuscular facilitation (PNF) has
gained considerable interest in the field of neurophysi-
ological facilitation of respiration. The presumed physio-
logical mechanisms of PNF include autogenic inhibition,
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reciprocal inhibition, stress relaxation, and the gate con-
trol theory [10,11]. PNF is believed to stimulate propri-
oceptive receptors in perioral, thoracic, and abdominal
muscles as well as sensory inputs from peripheral organs
by influencing motor outputs of the central nervous
system and stimulating the corresponding nerve reflex,
which may help patients develop correct movement pat-
terns [12,13] and induce physiological reactions, such as
cough and expectoration.

PNF has been an effective strategy for stimulating active
breathing, rhythmic initiation, and stabilization [10,11].
Seo and Cho [14] showed that PNF respiration exercise
is effective in increasing expiratory reserve volume and
vital capacity and suggested that PNF can improve pul-
monary function. A recent study in patients demonstrated
that bioelectrical activity in accessory respiratory muscles
was considerably decreased, suggesting that PNF exer-
cise leads to respiratory muscle relaxation and reduced
spasticity, thus improving respiratory function [15].

Numerous studies have explored respiratory function in
neurocritical patients with weaning failure with a focus
on inspiratory muscles and early activity and training of
expiratory muscles, including intercostal and abdominal
wall muscles [6,16]. Previous studies mainly used PNF
for proprioceptive stimulation. Information about the
combined effects of PNF and TIM'T, however, is lacking.
Therefore, the purpose of this randomized control study
was to determine the effects of PNF and TIMT on res-
piratory function in neurocritical patients with weaning
failure. We hypothesized that a combination of PNF and
TIM'T will be superior to TIM'T alone when it comes to
the maximum inspiratory pressure, diaphragmatic excur-
sions, and diaphragm thickening fraction (D'TF).

Materials and methods

Study design

This was a parallel two-arm non-blinded randomized
controlled trial where the participants were randomized
to the control and experimental groups by utilizing a
computer-generated random number sequence (Q.Z.).
The study was approved by the human ethics committee
of the affiliated Jiangning Hospital of Nanjing Medical
University in May 2023 (2023-03-032-K01), and the
experiment was performed between May and October
2023. All patients provided written informed consent
before the participation. This study has been registered
on Chinese Clinical Trial Registry (ChiC'TR2200055267).

Participants

Based on the previous results [10], the required sample
size was 50 assuming 80% power and an o level of 0.05.
The eligible patients were those who were 16-75 years
old, had undergone mechanical ventilation for at least
48 h in a controlled mode [16,17] and were able to par-
ticipate in training actively. Exclusion criteria were a

condition that can compromise weaning, such as heart
failure, or that can prevent adequate performance of
inspiratory muscle training, such as neuropathy or myo-
pathy. Patients were excluded when they had been tra-
cheostomised before the commencement of weaning or
had a major neurological comorbidity [2,18]. The major-
ity of recruited participants suffered a stroke.

Intervention

After the initial assessment, the control group received
TIM'T in addition to common usual care (Q.Z.), such as
secretion clearance, massage, and passive activities [19].
The TIMT device has a spring-loaded one-way valve
that provides titratable inspiratory resistance in a range
of 941 cm HZO [9] (Threshold IMT device HS730;
Respironics, Parsippany, New Jersey, USA). It was con-
nected to an endotracheal tube and was verified to be
reliable for inspiratory muscle training [4,20]. Firstly, with
patients in 45° supine position, they were instructed to
exhale slowly, empty the air in the lungs and then inhale
deeply and vigorously as fast as possible. The maximal
inspiratory pressure (MIP) was recorded. The inspiratory
resistance was set at 50% of MIP [16,21]. When the heart
rate, pulse oxygen, and respiratory rate were relatively
stable during inspiratory training, the inspiratory resist-
ance was increased by 1-2 cm HZO per day. Each patient
performed 10 breaths x five sets x twice daily x 5 days/
week [22]. The intervention was stopped if any adverse
sign was observed.

The experimental group received PNF training in addi-
tion to TIM'T. Firstly, the patients performed passive and
active movements to learn the correct breathing pattern
in the presence of directional resistance [23]. After it was
confirmed that the patients understood the PNF tech-
nique, four 90-s manual respiratory patterns of PNF were
performed in the supine position by a cardiopulmonary
physiotherapist [18] (Q.Z.). During PNE, the therapists
placed hands bilaterally on the first four ribs in the hem-
iclavicular line, on the sternum, on the four last ribs, and
on the lower edges of the 8th/9th ribs, respectively, to
help resist and assist the ribs’ movements during the
inspiration and expiration. The patients received verbal
commands during PNF and rested for 1 min after each
set.

Outcomes

Maximum inspiratory pressure (MIP) was measured using
an eclectronic inspiratory training device (Powerbreath
K5, Murrysville, Pennsylvania, USA) (Q.Z.), which has
been used widely as a test of inspiratory muscle strength
[16] and has shown excellent reliability in quantifying
the degree to which the breathing pattern is fast and
shallow [24]. The ultrasound images of diaphragmatic
excursions and D'TF were obtained using a portable GE
LOGIQ E machine with an L.8-18I-D probe (5-18 MHz;
GE Healthcare) [25,26]. Oxygenation index was defined
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by a ratio between the arterial partial pressure of oxygen
and fraction of inspired oxygen (PaO,/FiO,), which was
evaluated using a gold standard method based on the lab-
oratory benchtop blood gas analyzer GEM premier 3500
(Werfen Group IVD, Barcelona, Spain) [27]. The forced
vital capacity (FVC) and forced expiratory volume in 1 s
(FEV1) were also measured as common indicators of lung
function.

Statistical analysis

All data were presented as mean and SD. The normality of
the parameters was tested using the Shapiro—Wilks test.
Two-way repeated measurement analysis of variance was
used to compare MIP, diaphragmatic excursions, DTE,
oxygenation index, and FEV1/FVC between two groups
over time. Bonferroni post-hoc tests were conducted to
compare specific differences. All statistical analyses were
performed by the SPSS 22.0 software. The significance
level was set at P < 0.05.

Results

A total of 50 patients on intubation and mechanical
ventilation were included in the study: 25 allocated to
the experimental group and 25 allocated to the control
group. One of the patients died, and two were trans-
ferred to another center during the study period because
of personal reasons. Groups were generally comparable
at baseline. Participant characteristics on enrolment are
presented in Table 1.

We found a significant group-by-time interaction effect
for MIP [F (1,45) = 17.84, * = 0.328, P < 0.001] and oxy-
genation index [F (1,45) = 5.58, 172 =0.11, P =0.023]. No
significant interaction effects were found for diaphrag-
matic excursions, D'T'E, and FEV1/EVC (P > 0.05).

For the group factor, significant main effects were only
found for MIP [F (1, 45) = 4.55, n° = 0.09, P =0.038],
the combined difference for pre- and post-intervention
revealed that the experimental group had a significantly
higher MIP (mean difference [MD]=4.37 cm HZO,

Table 1 Baseline characteristics of participants

Control group Experimental

Characteristic (N=24) group (N =23)
Age (years), mean (SD) 59.7+13.5 63.9+8.3
Sex, n (males (%)) 16 (67) 13 (57)
Height (cm) 168.4+ 79 1670+ 7.1
Weight (kg) 615+55 61.1+8.9
BMI (kg/m?) 21.7+15 21.8+22
Diagnosis, n (%)

Cerebral infarction 8 (33) 9 (39)
Cerebral hemorrhage 7 (29) 7 (30)
Posttraumatic brain injury 5 (21) 2(9)
Hypoxic-ischemic encephalopathy 2 (8) 1(4)
Glioma 1(4) 0 (0)
Spinal cord injury 1(4) 0(0)
Pulmonary encephalopathy 0(0) 2(9)
Nervous system infection 0 (0) 1(4)
Guillain-barre syndrome 0 (0) 1(4)
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95%CI 0.25-8.50 cm HZO, P =0.038) than the control
group. No significant main differences were found in
other parameters.

For the time factor, a significant difference in MIP [F
(1, 45) = 40.06, 172 = 0.471, P < 0.001], oxygenation index
[F (1, 45) = 98.88, n* = 0.687, P < 0.001], and diaphrag-
matic excursions [/ (1,45) = 37, 28, nz =0.453, P < 0.001]
was found. The combined difference for pre- and post-
intervention found that the MIP (MD =8.84 cm H O,
95%CI 6.20-11.48cm H,O, P <0.001), oxygenation
index (MD = 32.50 mm Hg, 95%CI 22.13-42.87 mm Hg,
P <0.001), and diaphragmatic excursions (MD = 0.25 cm,
95%CI 0.11-0.39 cm, P=0.002) in the experimental
group were significantly greater than in the control group.
No significant difference was found in other parameters
(Table 2).

Discussion

The main finding of the study in neurocritical patients,
mainly after a stroke, is that combining PNF and TIM'T
training resulted in significantly higher MIP when com-
pared with TIMT alone.

MIP is one of the most commonly used indicators of
inspiratory muscle strength. Although no significant dif-
ference was found in the control group, our experimen-
tal group improved significantly after the training. Our
results are similar to the recent report indicating that
PNF combined with elastic resistance bands showed a
significant 72% increase in MIP compared to the con-
trol group [28]. Although Areas ez /. [28] combined the
upper extremity PNF with elastic resistance bands, the
results suggest that PNF may stimulate the main res-
piratory muscles (diaphragm and intercostals) and other
accessory muscles [16,28]. Notably, our findings are also
supported by the results previously reported by Song
and Park [29] who demonstrated that chest resistance
and chest expansion exercises are effective in improv-
ing respiratory function. PNF techniques may increase
air entry and facilitate secretion in tracheotomy patients.
Thus, PNF could act as lung expansion therapy for neu-
rological ICU patients with reduced respiratory muscle
strength [30,31].

Oxygenation index can serve as an indicator of lung ven-
tilation in neurocritical patients with weaning failure.
The results demonstrated that the oxygenation function
considerably improved in both groups after combined
PNF and TIMT training. Further, the results show that
the control group started with lower oxygenation index
and improved more than the experimental group, which
may indicate that patients with poorer respiratory func-
tion could benefit more after training.

As suggested by previous study, Morales ez a/. [32] applied
PNF to the hemiplegic arm and reported an increase in
contralateral irradiation of muscle activity. PNF training
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Table 2 Effects of proprioceptive neuromuscular facilitation on respiratory function in neurocritical patients with weaning failure
P-value
Experimental groups Control group Interaction Group Time
MIP Pre 19.39 (7.73) 18.55 (6.52) <0.001 0.038 <0.001
Post 28.23 (8.9) 20.32 (7.04)
Post-Pre 8.83 (6.1) 1.76 (5.36)
95%F,05|_F,re (6.19-11.48) (-0.50-4.02)
Oxygenation index 174.95 (34.82) 14758 (29.26) 0.023 0.057 <0.001
Post 207.45 (34.68) 200.33 (35.51)
Post-Pre 32.49 (23.98) 52.75 (33.74)
9\"30/0%5(.Pre (22.12-42.87) (38.50-67.00)
Diaphragmatic excursions Pre 1.22 (0.43) 1.10 (0.31) 0.476 0.380 <0.001
Post 1.47 (0.37) 1.42 (0.31)
Post-Pre 0.24 (0.33) 0.31 (0.30)
95%, oo (0.1-0.39) (0.18-0.44)
DTF Pre 21.10 (4.16) 20.72 (4.35) 0.528 0.992 0.054
Post 21.87 (4.35) 22.22 (4.20)
Post-Pre 0.76 (3.3) 1.49 (4.45)
95%%5‘_F>re (—0.65-2.19) (—0.38-3.38)
FEV1/FVC Pre 52.59 (5.58) 53.18 (6.89) 0.974 0.742 0.070
Post 54.01 (6.04) 54.54 (6.69)
Post-Pre 1.41 (3.82) 1.36 (6.13)
95% (—0.23-3.06) (—1.22-3.95)

Post-Pre

Values are expressed as a mean (SD); significant differences (P < 0.05) are highlighted in bold for interaction effect, group effect, and time effect.
DTF, diaphragm thickening fraction; FEV1/FVC, forced expiratory volume in 1 s/forced vital capacity; MIP, maximum inspiratory pressure.

in the experiment group could have helped the patients
increase activity in the respiratory muscles, bilaterally.
Therefore, we believe PNF training is a viable alterna-
tive directed at accessory respiratory muscles, which can
improve lung ventilation and tissue oxygenation, espe-
cially in stroke survivors.

The diaphragm is the primary muscle involved in res-
piration, and its dysfunction is an important risk factor
for respiratory difficulties [33,34]. Although DTF has
been found a predictor of the weaning outcome [35], our
results suggest no effect of PNF training on diaphrag-
matic excursions. The reason may be that PNF mainly
stimulates proprioceptive receptors in the thoracic
and abdominal muscles and less so in the diaphragm.
Considering that the effects of PNF on respiratory func-
tion are underexplored, more studies are needed [36].

A marked decrease in lung capacity and a considerable
increase in lung residual capacity are often observed in
neurocritical patients with weaning failure. However,
we did not find a significant difference in FEV1 or FVC
between the two groups. Kim and Lee [37] demonstrated
that FEV1 improved more considerably after 6 weeks of
PNF training in chronic low back pain patients. These
discrepancies may be explained by our recruitment of
neurocritical patients mainly after stroke who were in
poor physical condition and more prone to fatigue. Also,
the patients were only given the training for 5 days. We
suspect that 5 days were too short to increase expiratory
volume in mechanically ventilated patients.

The present study has several limitations. First, the
same nonblinded investigator performed all treatments
and assessments, which may have introduced bias. The
TIMT was given according to the standardized protocol;
however, the assessment of MIP is not as prone to the

assessor bias. Second, because the time patients spend in
the ICU is usually short, we limited PNF to only 5 days.
Third, no follow-up was performed, and thus the long-
term effects are unknown. Thus, future studies should
incorporate other ventilatory parameters and examine
the long-term effects of PNF on ventilatory responses in
patients with weaning failure.

Conclusion

The present study demonstrated the value of combining
PNF with TIMT for improving respiratory function in
neurocritical patients with weaning failure. PNF training
can improve MIP and oxygenation index, which may be
an effective strategy to reverse residual inspiratory mus-
cle weakness by stimulating active breathing. Therefore,
this combination approach may increase the likelihood of
survival of neurocritical patients in the ICU.
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