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Background: The proprioceptive neuromuscular facilitation (PNF) stretching could 
improve the contractile capacity of respiratory muscles, but the effect on pulmonary function, 
when it is combined with aerobic training, remains unknown.
Objective: To evaluate the effect of PNF combined with aerobic training on respiratory 
symptoms, pulmonary function and neck/shoulder mobility in patients with COPD.
Design: Randomized controlled trial.
Participants: Fifty-five COPD patients were randomly divided into PNF group (n=28) and 
control group (n=27).
Intervention: On the basis of conventional treatment, the control group performed 30 min 
aerobic training on a treadmill, while the PNF group added 10-minute PNF stretching 3 times 
every training day. Both groups did their training in 5 days per week for 6 weeks.
Measures: Measures were taken before and after 6 weeks of training. COPD Assessment Test 
(CAT), dyspnea Visual Analog Scale (VAS), forced vital capacity (FVC), forced expiratory 
volume in first second (FEV1), inspiratory capacity (IC), inspiratory reserve volume (IRV), 
6-minute walk test (6MWT), the range of motion (ROM) of head protraction, shoulder flexion, 
and the non-dominant pectoralis minor muscle (PmM) length were measured.
Results: All the indicators of both groups were significantly improved after 6 weeks of interven-
tion except for FVC, FEV1 and PmM length. Compared to the control group, the PNF group 
showed significant improvement in the CAT score, dyspnea VAS score, IC, IRV, 6MWT, as well as 
head protraction ROM and shoulder flexion ROM. Furthermore, IC was positively correlated with 
the head protraction ROM and PmM length (r=0.415, 0.579, P=0.028, 0.001); IRV was positively 
correlated with the shoulder flexion ROM (r=0.405, P=0.032) in the PNF group.
Conclusion: PNF stretching combined with aerobic training reduces dyspnea and improves 
some pulmonary function measures, which is associated with neck/shoulder mobility, in 
COPD patients.
Keywords: chronic obstructive pulmonary disease, proprioceptive neuromuscular 
facilitation stretching, aerobic training, pulmonary function

Introduction
Chronic obstructive pulmonary disease (COPD) is a disease with high incidence 
and its importance is growing steadily. It is expected to be the third leading cause of 
death worldwide.1 The prevalence of COPD among people aged 40 years or older 
was 8.2% in 2002–2004, and 13.6% in 2014–2015, indicating that COPD has been 
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a public health problem in China.2,3 However, as 
a common medical problem characterized by persistent 
respiratory symptoms and airflow limitation, it is worthy 
of developing an effective rehabilitation method to 
improve the pulmonary function and relieve the disability 
of COPD patients.

The loss of pulmonary function in COPD patients is 
mostly due to the remodeling of airways and pulmonary 
parenchyma, which leads airflow limitation, bronchoalveo-
lar instability and air trapping, resulting in increased resi-
dual volume and end-expiratory lung volume, as well as 
decreased expiratory reserve volume and inspiratory 
volume.4 This respiratory condition not only over activates 
accessory respiratory muscles but also increases the bur-
den on respiratory muscles. It reduces the contraction 
range of the sarcomere, decreases muscular contractility 
and viscoelasticity, and results in the relocation of the ribs, 
leading to the formation of a barrel-shaped chest.5 As the 
disease progresses, the stiffness of soft tissue and joint in 
the neck and shoulder gradually shift the patient’s posi-
tions, including head protraction, high muscular tension in 
the neck, enlargement of thoracic kyphosis and shoulder 
pronation. Moreover, these changes will lead to chest 
tightness, inspiratory muscle weakness, increased respira-
tory resistance, severe dyspnea, even affected physical 
activity and walking ability.6 Stretching can keep muscle 
and tendon tissues at optimal initial lengths, and reduce the 
resistance caused by viscoelasticity and stiffness.

Proprioceptive receptors in myofibers and tendon are 
responsible for perceiving joint angle, muscle length and 
muscle tension. Proprioceptive neuromuscular facilitation 
(PNF) is the most common exercise in the field of muscle 
rehabilitation, but rare in pulmonary rehabilitation.7,8 PNF 
stretching plays roles in increasing muscle length and joint 
range of motion (ROM) via inhibiting myotatic reflex.9 

A double-blinded cross-over study conducted by Putt et al10 

revealed that COPD patients received 2 days PNF stretch-
ing on pectoralis major have improved in shoulder motion 
range and vital capacity with carryover effects. However, 
this study was limited because it only involved a stretching 
group, had no control group.

In this study, we assessed the effects of the PNF 
stretching on the respiratory symptoms, pulmonary func-
tion and neck/shoulder mobility in COPD patients in 
a randomized controlled trial. Meanwhile, the correlation 
between pulmonary function and neck/shoulder mobility 
was evaluated.

Methods
Design
This trial was conducted at the Qingdao Municipal 
Hospital, Qingdao, and registered with the Chinese 
Clinical Trial Registry (ChiCTR1800018413). The study 
was approved by the Ethics Committee of Qingdao 
Municipal Hospital (Approval number: 2018-031). All 
patients signed on informed consent before the enrollment 
of this study.

Randomization
Randomization was performed using Microsoft Excel. The 
procedure was designed by one investigator who was not 
involved in the other aspects of the protocol. The group 
allocations were performed using numbered, sealed, opa-
que envelopes that had been previously prepared for all 
participants.11

Participants
Adult subjects with moderate-to–severe COPD were 
recruited between Sep. 2018 and Apr. 2019, in accordance 
with criteria of Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) (GOLD II–III). Inclusion criteria 
were as follows: 1) ratio of forced expiratory volume in 
first second and forced vital capacity (FEV1/FVC) <0.7, 
30% ≤ FEV1% <80%; 2) age >40 years old; 3) BMI: 
18–36 kg/m2; 4) stable clinical conditions without any 
change after medication in 1 month. Exclusion criteria 
were as follows: 1) acute onset with change after medica-
tion in 1 month; 2) serious conditions which require aux-
iliary supply of oxygen or ventilatory support devices; 3) 
inability to follow the pulmonary rehabilitation program; 
4) cognitive disorders with definite medical history; 5) 
severe complications, such as previous cardiothoracic sur-
gery. Patients continued to take their own medication, 
which could include a LAMA, a LABA, or an inhaled 
glucocorticoid alone or in combination, during the study. 
All patients who met the eligibility criteria were randomly 
divided into PNF group and control group.

Pulmonary Rehabilitation Program
All patients underwent a conventional pulmonary rehabilita-
tion program comprising controlled breathing techniques, 
expectoration training, and a personalized aerobic exercise 
schedule 30 minutes per day for 6 weeks (5 days per week). 
The patients of PNF group received 10-minute PNF stretch-
ing 3 times per training day in addition. Two physical 
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therapists assisted the training, and the other two physical 
therapists evaluated the training effect independently.

Stretching Method
Stretching was applied to scalenus, sternocleidomastoid, 
trapezius muscle, pectoralis major, pectoralis minor, inter-
nal intercostal muscles, anterior serratus muscle and mus-
culus rectus abdominis for 10 minutes, 3 times per day 
(Table 1). The specific method was the hold-relax method 
of PNF stretching. The therapist first stretched the muscles 
to the maximum length the patient could tolerate. The 
muscles had 3 s isometric contraction against resistance, 
and then relaxed. The therapist then applied 15 s stretching 
on the muscles. All the muscles were stretched in turn. 
These procedures were repeated three times.12

Aerobic Training
Aerobic training was performed on a treadmill for 30 
minutes beginning at 60% and reaching up to 85% of the 
average speed achieved during the 6-minute walk test 
(6MWT). The intensity was gradually enhanced and was 
associated with a perception effort between 4 and 7 points 
on the modified Borg scale.11

Measurements
The following items were recorded before and after reha-
bilitation training.

Pulmonary Function Test
On the basis of the guidelines of the American Thoracic 
Society/European Respiratory Society guidelines, all patients 

underwent post-bronchodilator pulmonary function testing 
(CHESTGRAPH HI-101, OMRON, Japan), containing 
spirometry assessments. Test started at the time of 20 minutes 
after subjects inhaling 400 μg of salbutamol. The following 
variables were assessed: FVC, FEV1, inspiratory capacity 
(IC), and inspiratory reserve volume (IRV).

6MWT 
After 1 hour of relaxation, the 6MWT was performed in 
the corridor of our department. Subjects were asked to 
walk with their top speed. Oxygen saturation and heart 
rate were monitoring all the way.13

COPD Assessment Test (CAT) Questionnaire and 
Dyspnea Visual Analog Scale (VAS) 
CAT14 and dyspnea VAS15 were used for patients’ self- 
evaluation. Scores range of CAT and dyspnea VAS are 
from 0 to 40, and from 0 to 10, respectively. Lower scores 
indicate less symptoms. For dyspnea VAS, patients mark 
a 10-cm line at the point that they feel represents their 
current state on a sheet (0=no dyspnea and 10=the most 
severe).

Neck/Shoulder Mobility
After 30 minutes of relaxation, neck/shoulder mobility, 
including head protraction ROM, shoulder flexion ROM 
and non-dominant PmM length as follows were evaluated.

Measurement of head protraction ROM: subject stood 
upright in front of the posture assessment chart with the 
feet placing on the cross marks drawn on the ground. 
A tripod-mounted digital camera was placed 1.5 m away 

Table 1 Stretching Methods for Different Muscles

Muscles Patient Posture Therapist Techniques

Pectoralis major, 

pectoralis minor

Sitting decubitus, 90° shoulder abduction with external 

rotation, elbow flexion

One hand fixes the sternum, and another hand 

horizontally abducts the affected shoulder

Upper trapezius Supine decubitus, neck contralateral rotation and 

contralateral flexion

One hand presses the affected shoulder, and another hand 

anteriorly flexes the neck

Scalenus Supine decubitus, neck lateral flexion One hand presses the affected shoulder, and another hand 

assists neck lateral flexion

Sternocleidomastoid Supine decubitus, neck ipsilateral rotation and 

contralateral flexion

One hand fixes the collar bone, and another hand 

posteriorly protracts the neck

Intercostals and 

anterior serratus

Lateral decubitus, shoulder abduction One hand abducts the shoulder, and another hand draws 

down the ribs

Abdominal Prone decubitus, both hands on the stretcher, head and 

upper body lean back

Assist patients to lean back
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from the chart on the extension of subjects’ vertical plane. 
A marker was fixed (using double-sided tape) on the C7 
spinous process, and the angle between the horizontal line 
and the line from the marker to the tragus were recorded. 
Subjects stared at a fixed point right ahead, and then they 
were asked to make maximum head protraction and retrac-
tion. Both angles were recorded. The head protraction ROM 
equals the latter minus the former (Supplementary Figure 1A 
and B).16

Measurement of shoulder flexion ROM: the shoulders 
of the subject were placed in maximum anterior flexion. 
The angle between the line from external epicondyle of 
humerus to the glenohumeral joint central and the midax-
illary line was recorded (Supplementary Figure 1C).16

Measurement of the non-dominant pectoralis minor mus-
cle (PmM) length: subjects stood with arms alongside the 
trunk. The distance between the coracoid process to the infer-
ior margin of the fourth rib was recorded. This method is of 
high reliability and validity (Supplementary Figure 1D).16,17

Statistical Analyses
Sample Size Calculation
The number of subjects is based on the differences in 
6MWT between PNF group and the control group after 
intervention. According to an earlier study, the difference 
was reported to be 56 with a standard deviation of 71.18 

The target sample size was 27 patients per group with 80% 
power and a=0.05. To account for dropout and lost data, 
we recruited a total of 60 subjects.

Data Analyses
All statistical analyses were performed by the SPSS 22.0 
software. The normality of the data was tested using the 
Shapiro–Wilks test and all continuous variables were nor-
mally distributed. The data were presented as mean ± 
standard deviation. Intragroup differences before and 
after the treatment were tested by paired t test. 
Intergroup differences before treatment were tested by 
the independent sample t test. Intergroup differences after 
treatment were tested by the analysis of covariance with 
the pre-treatment data as covariate. Pearson correlation 
analysis was employed to evaluate the association between 
neck/shoulder mobility and pulmonary function. P < 0.05 
was considered significant.

Results
A total of 165 clinical records were reviewed. Sixty met 
the inclusion/exclusion criteria, and were randomly 

assigned to either the PNF group (n=30) or the control 
group (n=30). However, five subjects dropped out (2 in the 
PNF group and 3 in the control group) either through non- 
attendance or through incomplete assessments. Therefore, 
a total of 55 subjects with COPD were the study sample, 
of whom 28 subjects comprised the PNF group, and 27 
subjects comprised the control group. Subject flow through 
the study is outlined in Figure 1. There was no significant 
difference in the baseline characteristics between the two 
groups (P > 0.05) (Table 2).

Respiratory Symptoms
Rehabilitation training resulted in improvements of CAT 
and dyspnea VAS in both groups (both P < 0.05). 
However, scores of CAT and dyspnea VAS in PNF group 
were significantly lower than those of the control group 
after rehabilitation training (both P < 0.05), as shown in 
Figures 2A and B. These results suggested that PNF 
stretching combined with aerobic training significantly 
reduced the dyspnea symptom.

Pulmonary Function
Pulmonary function (IC and IRV) and 6MWT have been 
improved after the rehabilitation training (all P < 0.05), 
but FVC and FEV1 did not increase significantly (both P > 
0.05), although FEV1 and FVC increased by 3.4% and 
12.8% in PNF group, respectively. IC, IRV and 6MWT 
in PNF group were much better than those of the control 
group after rehabilitation training (all P < 0.05). There was 
no significant difference in FVC and FEV1 in two groups 
after rehabilitation training (both P > 0.05). Results 
showed in Figures 2C–G, suggesting that PNF stretching 
combined with aerobic training improved some pulmonary 
function measures.

Neck/Shoulder Mobility
Neck/shoulder mobility (head protraction ROM, maximum 
head protraction, maximum head retraction and shoulder 
flexion ROM) of both groups has been significantly 
improved after the training (all P < 0.05). These indicators 
in PNF group were much better than those of the control 
group after training (all P < 0.05) (Figure 2H–K). The 
non-dominant PmM length was slightly increased, but 
there was no significant difference between before and 
after training and between the two groups (P > 0.05) 
(Figure 2L). These results revealed that PNF stretching 
combined with aerobic training resulted in significant 
improvements in neck/shoulder mobility.
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Association Between Neck/Shoulder 
Mobility and Pulmonary Function
Finally, a number of secondary, but notable, observations 
for the correlation between neck/shoulder mobility and 
lung function were made in our study by Pearson correla-
tion analyses. IC was found to be positively correlated 
with the head protraction ROM and non–dominant PmM 
length (r=0.415, 0.579, P=0.028, 0.001) (Figure 3A and 
B); IRV was positively correlated with shoulder flexion 
ROM (r=0.405, P=0.032) in the PNF group (Figure 3C). 
However, there were no significant associations between 
neck/shoulder mobility and FVC or FEV1.

Discussion
Our results showed that PNF stretching combined with 
aerobic training effectively reduced the symptom of dys-
pnea and improved some pulmonary function measures 
and neck/shoulder mobility in COPD patients.

Repeated stretching of respiratory muscles is beneficial 
to the increase in joint range of motion and pulmonary 
function of COPD patients.11,19–21 It has been evidenced 
that PNF stretching is more effective in enhancing muscle 
activation and improving motor coordination compared 
with static stretching.22–24 As early as 1988, PNF has 
been used to efficiently stretch respiratory muscles and 
fascia to improve patients’ pulmonary function and 
dyspnea.25 PNF stretching is effective at increasing the 
pulmonary function of normal adults and patients with 
pontine bleed, chronic low back pain and chronic 
stoke.8,26–28 COPD patients received 2 days PNF stretch-
ing on pectoralis major have improved in shoulder motion 
range and vital capacity.10 Improvements in thoracic wall 
muscles, thoracic cage, spine, shoulder range of motion 
and PNF of the thoracic wall muscles are also recom-
mended as a part of the comprehensive respiratory rehabi-
litation plan.29 In addition, it was found that PNF 
stretching had a cumulative effect. Therefore, prolonged 

165 clinical records reviewed

60 patients selected

Allocated to control group (n=30)
Conventional treatment +

aerobic training

Allocated to PNF group (n=30)
Conventional treatment +

aerobic training + PNF stretching

Randomly

Lost to follow-up (n=3)
Non-attendance (n=1)

  Incomplete assessments (n=2)

Lost to follow-up (n=2)
Non-attendance (n=1)

   Incomplete assessments (n=1)

Analyzed (n=27)
      GOLD (n=20)
      GOLD (n=7)

Analyzed (n=28)
       GOLD II (n=21)
       GOLD  III (n=7) III

II

Excluded (n=105)
FEV1% ≥ 80% or FEV1% < 30% (n=78)
Inability to follow the rehabilitation (n=15)
Cognitive disorders (n=3)
Heart diseases (n=6)
Cardiothoracic surgery (n=3)

Figure 1 Study flow diagram. 
Abbreviations: FEV1, forced expiratory volume in the first second; PNF, proprioceptive neuromuscular facilitation; GOLD, Global Initiative for Chronic Obstructive 
Pulmonary Disease.
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and frequent treatment is recommended to achieve better 
clinical effect.30

In our study, PNF technology was used to stretch 
respiratory muscle, and the dyspnea symptom and some 
pulmonary function measures of COPD patients were 
improved effectively after 6 weeks of training. Compared 
with the control group, the CAT score, dyspnea VAS score, 
IC, IRV, and 6MWT were all improved, which suggests 
that the strength training of respiratory muscles was help-
ful to the improvement of respiratory symptoms and pul-
monary function, so as to enhance the quality of life. 
Consistent with this, Wada et al11 also reported that 
respiratory muscle stretching combined with aerobic train-
ing improved the 6MWT and respiratory muscle activity of 
COPD patients. Therefore, PNF stretching of respiratory 
muscles could be used as routine lung rehabilitation 
training.

Morais et al16 demonstrated that pulmonary function 
was correlated with respiratory muscle strength, as well as 
neck/shoulder mobility, including the head protraction 
ROM, shoulder flexion, cervical vertebrae, angle of thor-
acic kyphosis, and the length of PmM. In this study, we 
use the indicators of neck/shoulder flexibility to indicate 
the function improvement of respiratory muscle by PNF 
stretching. As an accessory inspiratory muscle, the non- 
dominant PmM could play its full role when its length was 
improved.31 The improvement in head protraction angle 

helps patients keep the flexibility of the neck and shoulder, 
and the improvement in shoulder flexion angle elevated 
upper limbs higher, and then facilitated the function of 
accessory inspiratory muscles, suggesting that adaptive 
change in COPD patients’ position and mobility had an 
association with their pulmonary function. In our study, 
the change in head protraction ROM, shoulder flexion 
ROM and the PmM length had correlation with the change 
in the patient’s lung function, which may throw light on 
the rehabilitation intervention.

PNF stretching improves muscle length and joint range 
of motion via the mechanism of autogenic inhibition. 
There are Golgi tendon organs in tendons which respond 
to muscle tension. Muscle contraction activated Ib afferent 
nerve fibers, and the nerve impulse transmitted to spinal 
cord by afferent fibers activated inhibitory interneurons. 
The inhibitory signal transmitted to α motor neurons by 
interneurons in turn decreased their nerve excitability and 
muscle tension.32 When muscles were stretched again, the 
overlap of actin and myosin filaments decreased with 
increased myofiber length, improved muscle viscoelasti-
city, more efficient muscle contraction, decreased motor 
nerve excitability, and decreased energy consumption.33 In 
addition, for all these, information will finally be trans-
mitted to the central nervous system; therefore, stretching 
is beneficial to proprioception and motor control of central 
nervous system.20

Table 2 Baseline Characteristics of the Study Patients

Characteristics Control Group (n = 27) PNF Group (n = 28) P value

Age (y) 67.96±1.70 68.14±1.65 0.692
Gender (male/female) 22/5 22/6 0.787

BMI (kg/m2) 28.00±1.69 27.10±2.64 0.139

CAT score 20.15±1.35 20.29±1.24 0.696
Dyspnea VAS score 5.88±0.91 6.12±1.03 0.365

FVC% predicted (%) 67.88±1.11 68.18±1.27 0.355

FEV1% predicted (%) 47.41±1.13 47.29±1.53 0.732
IC (mL) 1786.85±54.35 1772.39±58.56 0.347

IRV (mL) 1257.78±18.88 1265.36±17.10 0.124
6MWT (m) 300.41±6.35 297.50±7.49 0.127

Head protraction ROM (°) 9.37±1.88 9.04±2.15 0.543

Maximum head protraction (°) 13.04±1.16 13.46±1.43 0.229
Maximum head retraction (°) 22.41±1.87 22.50±2.05 0.862

Shoulder flexion ROM (°) 149.81±8.93 153.21±9.35 0.174

PmM length (cm) 15.48±0.54 15.34±0.53 0.343
GOLD stage (II/III) 20/7 21/7 0.937

Note: Data are presented as mean ± standard deviation or absolute number. 
Abbreviations: PNF, proprioceptive neuromuscular facilitation; BMI, body mass index; CAT, COPD Assessment Test; VAS, Visual Analogue Scale; FVC, forced vital capacity; 
FEV1, forced expiratory volume in the first second; IC, inspiratory capacity; IRV, inspiratory reserve volume; 6MWT, 6-minute walk test; ROM, range of motion; PmM, 
pectoralis minor muscle; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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Figure 2 Comparison of respiratory symptoms, pulmonary function and muscular movement before and after rehabilitation training in different groups. (A) CAT score; (B) 
dyspnea VAS score; (C) FVC% predicted; (D) FEV1% predicted; (E) IC; (F) IRV; (G) 6MWT; (H) head protraction ROM; (I) maximum head protraction; (J) maximum head 
retraction; (K) shoulder flexion ROM; (L) PmM length. *P < 0.05, ***P < 0.001. 
Abbreviations: PNF, proprioceptive neuromuscular facilitation; BMI, body mass index; CAT, COPD Assessment Test; VAS, Visual Analogue Scale; FVC, forced vital capacity; 
FEV1, forced expiratory volume in the first second; IC, inspiratory capacity; IRV, inspiratory reserve volume; 6MWT, 6-minute walking distance test; ROM, range of motion.
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Certain limitations in this study should be mentioned. 
First, the sample size is relatively small, which might lead 
to false-positive and false-negative results. Second, the 
follow-up time is shorter, long-term effect of PNF stretch-
ing needs further follow-up observation in large samples. 
Third, the PNF stretching proposal is not involved dia-
phragm, which is the most important structure determining 
pulmonary function. Adding diaphragm training on the 
PNF stretching of respiratory muscle is expected to exert 
more positive effects on the lung function. Further studies 
will design more comprehensive training.

Conclusion
In summary, our results provide evidence for the applica-
tion of PNF stretching in the pulmonary rehabilitation of 
COPD patients. PNF stretching combined with aerobic 
training as a simple, practicable and widely applicable 
rehabilitation method can improve the pulmonary function 
and relieve their symptoms by enhancing neck/shoulder 
mobility of patients.
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