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Muscle Stretching Technique Increases Vital Capacity and Range of Motion in Patients With Chronic Obstructive Pulmonary Disease Michael T. Putt, MBBS, Michelle Watson, BPhty, Helen Seale, BPhty, Jennifer D. Paratz, PhD ABSTRACT. Putt MT, Watson M, Seale H, Paratz JD. Muscle stretching technique increases vital capacity and range of motion in patients with chronic obstructive pulmonary disease. Arch Phys Med Rehabil 2008;89:1103-7. Objectives: To determine if a specific hold and relax stretching technique was capable of (1) reversing the effect of tight chest wall muscles by increasing chest expansion, vital capacity, and shoulder range of motion and (2) decreasing perceived dyspnea and respiratory rate in persons with chronic obstructive pulmonary disease (COPD). Design: Double-blind crossover trial. Setting: A physiotherapy department at a major metropolitan hospital. Participants: Fourteen stable patients with COPD who had recently completed a pulmonary rehabilitation program were enrolled, with 10 patients completing the study. Intervention: A hold and relax stretching technique of the pectoralis major and a sham technique each for 2 days. Main Outcome Measures: The primary outcome measure was vital capacity (VC), with secondary outcome measures being perceived dyspnea, axillary (ACE) and xiphisternal chest expansion (XCE), right and left shoulder horizontal extension, and respiratory rate. Results: The hold and relax technique to the pectoralis major compared with the sham technique produced significant effects on VC (P⬍.01), and right (P⬍.01) and left (P⬍.05) upper-limb range of motion. There was no significant effect on ACE, XCE, perceived dyspnea, or respiratory rate. There was no order effect for either technique. Conclusions: The hold and relax technique produces shortterm benefits in patients with COPD and should be investigated further. Key Words: Muscle stretching exercises; Neuromuscular diseases; Proprioception; Pulmonary disease, chronic obstructive; Rehabilitation; Vital capacity. © 2008 by the American Congress of Rehabilitation Medicine and the American Academy of Physical Medicine and Rehabilitation
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HRONIC OBSTRUCTIVE pulmonary disease (COPD) is C now considered a systemic disease, affecting not only the lungs but a number of organs including the peripheral muscle



system.1 These abnormalities in peripheral muscle function are attributed to decreased oxygen delivery, inflammatory mediator effects, disuse, malnutrition, medications, and comorbidities2 and have been shown to correlate negatively with survival and overall health status.3 Although interventions to reverse weakness in peripheral muscles are in common use,4,5 secondary postural deformities can occur in response to hyperinflation and increased work of breathing. Postural changes can include elevated, protracted or abducted scapulae with medially rotated humerus, and kyphotic spinal deformities.6,7 Hyperinflation of the chest places the pectoralis major in a shortened position, increasing resistance of the chest wall to expansion, further increasing the work of breathing and the demand placed on respiratory muscles. Accessory respiratory muscles such as the scalenes and pectoralis major are also required for the movement of the upper limb and neck.8 As the severity of COPD progresses, use of the upper limb for functional tasks becomes increasingly difficult. The resulting disuse of the upper limbs can lead to increased muscle tightening and stiffness around the muscle quadrant further increasing chest wall resistance and thus the work of breathing. Recommendations for management of the chronic respiratory patient has included musculoskeletal techniques aiming to increase flexibility of muscles, such as passive stretching, contraction of the agonist against resistance, self-stretching, passive mobilization of joints, and massage.9,10 However, only a small number of studies have been conducted investigating the efficacy of these particular musculoskeletal techniques in COPD7,11 and cystic fibrosis patients,12 who can also experience secondary musculoskeletal changes secondary to their respiratory impairment. Increases in chest expansion,7,11 oxygen saturation,11 respiratory rate,7 and forced vital capacity (FVC)7 and a decrease in functional residual capacity12 were found. However, with the exception of the study by Minoguchi et al12 these studies did not use a control group and did not standardize intervention in these patients, applying a large number of varying techniques, with no justification or rationale for the techniques chosen. The outcome measure used (FVC) reflected the obstructive component of COPD and would not reflect changes in the restrictive component. It was considered important to conduct a study using a control group, and use a measure that did not use forced exhalation. Vital capacity (VC) was chosen as a better indicator of the resistive component of COPD, rather than measures of forced expiration. This study was therefore conducted aiming to compare the outcome measures of VC, axillary chest expansion (ACE), xiphisternal chest expansion (XCE), perceived dyspnea, respiratory rate, and range of motion (ROM) (horizontal extension) in both shoulders, after both treatment and sham methods of stretching the pectoralis major muscles in a group of patients with COPD. Arch Phys Med Rehabil Vol 89, June 2008
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METHODS This study used a double-blinded crossover design and was completed in a major metropolitan hospital. Approval for the study was obtained from the Prince Charles Hospital Ethics Committee and the University of Queensland and written informed consent was obtained from each patient. We recruited 14 consecutive patients for the study. Inclusion criteria included having been diagnosed with COPD, a forced expiratory volume in 1 second (FEV1)/FVC of less than 70% (to conform with the current American Thoracic Society and European Respiratory Society definition of COPD13) and had recently completed the Pulmonary Rehabilitation Programme at Prince Charles Hospital. The 7-week pulmonary rehabilitation class involved aerobic training with intensity commencing at 65% and progressing to 75% of the subject’s six-minute walk test, with a duration of 20 minutes either continuous or interval based, the mode using treadmill or exercise bike and frequency 3 times a week. Strength training involved a combination of machine and free weights and included both upperand lower-limb exercises. The intensity of strength training was 10 repetitions per minute with 1 to 3 sets, 2 times a week. Exclusion criteria are detailed in appendix 1. Initially, patients undertook 3 measurements of static spirometry (VC) while seated in a standard position. The spirometer was calibrated prior to the commencement of the study and the tests were carried out according to standardized clinical spirometry procedures.14 The best of 3 measures was taken as the final measure. Each patient was seated in a straight backed chair, manually stabilized, and joint range (glenohumeral horizontal extension) was measured by a goniometer, a 360° protractor as described by Clarkson and Gilewich.15 Range was measured 3 times on each arm and the results averaged for each subject, provided that each measurement was within 10% of the other 2 measurements. Excellent intratester reliability during goniometry has been shown in previous studies.16,17 Dyspnea was assessed by the Borg scale of dyspnea18 and respiratory rate was taken with a stopwatch over 60 secondsa immediately before and after intervention. Chest expansion was measured at both levels (axilla and xiphisternum) with 1 tape measure cleaned between patients. The difference between a resting breath and a deep breath was recorded for chest expansion, measured twice at both preintervention and postintervention and the best result taken. Pulse oximetryb was also measured continuously to monitor oxygen saturation for safety during the procedure and after procedure. We randomly assigned the patients into 1 of 2 groups, by the use of computer-generated numbers, and received either the treatment or the sham technique first. The first intervention was delivered for 2 days, followed by the alternate intervention for a further 2 days with a washout period of 3 days in between these 2 intervention times. All outcome measures were taken preintervention and postintervention each day. The measurement and intervention session took place at the same time each day for each subject. Subjects were blinded as to which intervention was genuine, and the assessor who recorded outcome measures was also blinded to which intervention the patients had received that day. During the intervention and outcome measures, patients were monitored for any of the withdrawal criteria listed in appendix 1. The technique used was a proprioceptive neuromuscular facilitation technique of hold and relax19 whereby the tight section of the muscle is passively moved to the full range in the agonist direction, and with resistance applied by the operator, the patient attempts to move the limb in the antagonist direcArch Phys Med Rehabil Vol 89, June 2008



tion. The patient then relaxes and further passive stretch is applied. This technique has been cited frequently in sports and neurologic literature and has been shown to increase motion and flexibility more than passive stretching and ballistic movement.20-23 The technique used in this study isolated the clavicular head of the pectoralis major muscle. Due to the hyperinflation and rigid thoracic walls displayed in patients with COPD, it was believed that lengthening the clavicular head portion of the pectoralis major muscle was more likely to affect the restrictive component. With the patient supported on a straight-backed chair, we conducted the intervention and sham treatment as described in the following sections. Intervention The subject was asked to move their arm in the agonist direction (glenohumeral horizontal extension, in 90° of glenohumeral abduction and external glenohumeral rotation with elbow bent) (fig 1). The subject was then asked to contract the pectoral muscles to move the limb in the antagonistic direction (glenohumeral horizontal flexion, in 80° to 90° of glenohumeral abduction and external glenohumeral rotation with elbow bent to meet the resistance applied by the research assistant). This isometric contraction was held for 6 seconds. The patient then relaxed and passive stretch in the opposite direction was applied. Sham Treatment The subject’s arm was moved passively 3 times throughout a resistance-free ROM. This movement involved glenohumeral flexion and extension in approximately 25° of glenohumeral abduction with the elbow flexed. At the mid-range of glenohumeral flexion and extension, the subject’s arm was supported and the subject was asked to try to bend the elbow to meet the resistance applied by the research assistant—therefore performing an isometric contraction of the biceps for 6 seconds (fig 2). Each intervention was repeated 6 times on each arm with rests of 30 seconds in between. Sample Size and Data Analysis A similar study with a significant result for VC could not be found, so we calculated the estimated sample size from ACE



Fig 1. The hold and relax intervention was performed with the upper extremity in position as shown. The subject contracted in an attempt to perform glenohumeral horizontal flexion while resistance was matched by the operator. The subject then relaxed and passive stretch in the opposite direction was applied.
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not follow a normal distribution, it was analyzed using the nonparametric Friedman test for repeated measures followed by the Wilcoxon paired test when the Friedman test was significant. The accepted level of significance was P less than .05 for all tests. An order effect was included as a covariate to investigate whether there was a carry-over effect from the first intervention.



Fig 2. The sham intervention consisted of an isometric contraction of the biceps while resistance was applied by the operator.



from Minoguchi et al.12 For an effect size of 1.2, and ␣ less than .05, and power of 80%, it was estimated that 10 subjects were required.24 Data were tested for outliers and it was ensured that the data followed a normal distribution in order to use parametric tests. A between and within repeated-measures analysis of variance compared each of the 4 stages, with main effects for time and method by time for VC, ROM, ACE, XCE, and respiratory rate. Where there were significant main effects, Bonferroni tests were applied to investigate where the significant differences were. This post hoc test automatically adjusts for multiple comparisons. Because the data for perceived dyspnea did



RESULTS Four patients withdrew from the study due to either an unrelated medical problem (n⫽1), prior commitments on the last day of the program (n⫽2), or latent shoulder pain after intervention with hold and relax (n⫽1). The remaining 10 patients (8 men) had a mean age of 66.4 (range, 57⫺78) years and a mean smoking pack history of 48.9 (range, 20⫺70) years. All patients had ceased smoking prior to the study. All patients had a diagnosis of chronic respiratory disease (3 with emphysema, 2 with chronic asthma, remaining 5 patients with a combination of chronic bronchitis/asthma and emphysema/ asthma). Eight patients could manage 1 flight of stairs or less. Only 1 patient required oxygen (2L/min nocturnally). There was a significant main effect for method by time for VC (F3,27⫽11.9, P⫽.005, ␦⫽.69). Post hoc tests showed (table 1) that the increase in VC was significantly larger after receiving the hold and relax treatment compared with the sham method on both days 1 and 2 of treatment. The post hoc test also revealed no significant difference between postintervention day 1 and preintervention day 2, indicating there was a carry-over effect from day 1 to day 2. There was significant main effect for method by time for both right (F3,27⫽6.6, P⫽.004, ␦⫽.55) and left (F3,27⫽4.31, P⫽.02, ␦⫽.45) upper-limb ROM with post hoc tests (table 2) showing that the increase occurred when patients received the treatment intervention on both days 1 and 2. There was a trend toward a significant main effect for method by time for ACE (F3,27⫽2.58, P⫽.09, ␦⫽.34). There were no significant main effects for method by time for XCE (F3,27⫽.58, P⫽.63, ␦⫽.99) or respiratory rate (F3,27⫽.21, P⫽.89, ␦⫽.04). There was no significant difference for perceived dyspnea between groups (Friedman 21⫽.67, P⫽.41) or over time (Friedman 23⫽3.26, P⫽.35). There was no significant order effect for any variable. DISCUSSION Musculoskeletal intervention figures prominently in the overall management of the chronic respiratory patients.9 Although there is excellent pathophysiologic justification that stretching is necessary, there is little evidence that it is beneficial to the patient. This is the first study in COPD patients (1)



Table 1: Scores for All Outcomes for the Hold and Relax and Sham Intervention Pretest Day 1



Post-Test Day 1



Pretest Day 2



Post-Test Day 2



Outcome Measure



Hold and Relax



Sham



Hold and Relax



Sham



Hold and Relax



Sham



Hold and Relax



Sham



Vital capacity (L) ACE (cm/s) XCE (cm/s) Respiratory rate (breaths/min) Left shoulder ROM (deg) Right shoulder ROM (deg)



3.3⫾0.6 3.1⫾1.1 4.2⫾2.0 16⫾4 25⫾4 26⫾7



3.4⫾0.5 3.4⫾1.2 3.5⫾2.1 17⫾4 26⫾6 27⫾8



3.5⫾0.5* 3.8⫾1.2 3.9⫾2.1 16⫾5 30⫾5‡ 31⫾9†



3.4⫾0.5 3.9⫾1.4 3.6⫾1.9 17⫾5 27⫾6 28⫾8



3.5⫾0.6 3.3⫾1.0 3.9⫾1.7 17⫾4 29⫾5 28⫾9



3.5⫾0.5 3.2⫾1.1 3.2⫾1.9 18⫾5 25⫾5 26⫾7



3.7⫾0.6* 4.1⫾1.1 3.7⫾1.9 18⫾5 31⫾7‡ 31⫾9†



3.3⫾0.5 3.4⫾1.4 3.1⫾2.1 18⫾5 26⫾6 27⫾6



NOTE. Values are mean ⫾ standard deviation. *Significantly different at the P⫽.005 level compared with preintervention on the same day. Significantly different at the P⫽.004 level compared with preintervention on the same day. ‡ Significantly different at the P⫽.02 level compared with preintervention on the same day. †
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STRETCHING IN COPD PATIENTS, Putt Table 2: Scores for Perceived Dyspnea for the Hold and Relax and Sham Intervention Pretest Day 1



Outcome Measure



Outcome Measure



Perceived dyspnea



1 (0⫺3)



Post-Test Day 1



Sham



Outcome Measure



1 (0⫺3)



1 (0⫺2)



Pretest Day 2



Sham



Outcome Measure



1 (0⫺3)



1 (0⫺3)



Post-Test Day 2



Sham



Outcome Measure



Sham



1 (0⫺3)



1 (0⫺3)



1 (0⫺3)



NOTE. Values are median (range).



to isolate 1 technique and (2) to provide a control or sham condition. The results of this study indicate that a hold and relax technique specifically to the pectoralis major is capable of increasing both ROM and vital capacity, thus improving the restrictive component of COPD. The mean increase in VC from day 1 preintervention test to day 2 in the treatment group was 9.6%. In future trials with a longer period of intervention, a scale such as the PatientSpecific Functional Scale may indicate whether this increase carries over into functional activities. Although there was no carry-over after the 3-day washout period, as indicated by a nonsignificant order effect, there was a carry-over effect on day 2 preintervention measures in the treatment group only, indicating a cumulative effect of the treatment intervention. A larger study over a longer period of time may find some of these short-term changes are maintained. Wang25 found that the cumulative effect of proprioceptive neuromuscular facilitation was more beneficial than immediate effects. This obviously suggests that this study should be repeated over a longer time period and musculoskeletal management of this type should be continuous in order to see clinically significant benefits. The positive results are also interesting because all subjects had just completed a pulmonary rehabilitation program where self-stretching was included. The results suggest that this more targeted specific treatment is needed for tight chest wall and upper-limb muscles. This study illustrates the importance of the sham or control group, because previous studies7,11 have found increases in lung volumes after a variety of musculoskeletal techniques but did not use a control group. There were no significant changes in respiratory rate or perceived dyspnea when the subjects received the hold and relax method as compared with the sham method. A further study over a longer time period may show decreases in these parameters. Previous studies have found that a hold and relax technique in normal subjects can produce statistically significant increases in hemodynamics, namely, heart rate and systolic and diastolic blood pressure.26 In this population, oxygen saturation and a score of dyspnea are more relevant monitoring tools so these were used to monitor the treatment. Because perception of dyspnea, respiratory rate and oxygen saturation were not adversely affected in any subject after intervention, this implies the treatment is a safe method of treatment in chronic respiratory patients. Because adaptive shortening and stiffness around the upperlimb muscle quadrant increase chest wall resistance and work of breathing, a method of reversing these changes is important to include in a management plan for these patients. The active method of treatment included in this study appears to be safe and effective in chronic respiratory patients. This study needs to be repeated with a larger population over a longer period of time. However, this is the first controlled study that has provided evidence that hold and relax techniques can improve the restrictive component of COPD, improve ROM of the pectoralis major and possibly overcome some of the postural changes of COPD. Arch Phys Med Rehabil Vol 89, June 2008



Study Limitations A limitation of this study is that FEV1 and FEV1/FVC were not measured in order to indicate the severity of COPD in each subject. This was done deliberately to prevent patients from becoming fatigued before the intervention and measurement of FVC. However, all patients had recently finished a pulmonary rehabilitation program at the same hospital, which required an FEV1/FVC less than 70% for enrollment. CONCLUSIONS This study showed that a stretching technique based on proprioceptive neuromuscular techniques is able to increase ROM in the chest and shoulder girdle and increase vital capacity in patients with COPD in the short term. Further investigation should be completed in order to learn more about how to reverse the secondary soft tissue effects of chronic respiratory disease. APPENDIX 1: EXCLUSION AND WITHDRAWAL CRITERIA FOR STUDY Exclusion criteria y Recent acute exacerbation of disease y Change in type, dosage, or timing of medications throughout duration of study y Changes in activities, exercise program, or physiotherapy treatment within the past week y Conditions that contraindicate the application of hold and relax techniques: X secondary musculoskeletal disorders (shoulder dysfunction) X recent fractures or injury to the ribs, clavicle, or upper limb X recurrent subluxation or dislocation of either shoulder X inability to perform isometric contraction X connective tissue disorders (eg, Ehlers-Danlos syndrome) X ischemic heart disease X uncontrolled hypertension X moderate to severe osteoporosis y Additional conditions restricting chest expansion (eg, obesity, severe scoliosis, ankylosing spondylitis) y Systemic disease affecting muscles and joints (eg, rheumatoid arthritis) y Radical mastectomy with removal of the pectoralis major muscle y Recent chest or abdominal surgery Withdrawal criteria y Development of any of the exclusion criteria during the study y Decrease in oxygen saturation to ⬍85% y Pain or injury after the hold and relax or sham technique y Respiratory distress with ⬎5 on the Borg scale
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