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[Purpose] In this study, stroke patients who were intubated with tracheostomy tubes performed cervi-

cal range of motion exercises, and changes in their pulmonary and coughing functions were examined. [Subjects
and Methods] Twelve stroke patients who were intubated with tracheostomy tubes participated in the study. The
subjects were randomly assigned to either the control group (n=6), which did not perform cervical range of motion
exercises, or the experimental group (n=6), which did perform exercises. [Results] With regards to forced vital
capacity, forced expiratory volume at one second, and peak cough flow rate before and after the exercises, the con-
trol group did not show any significant differences while the experimental group showed statistically significant
increases in all three parameters. [Conclusion] The results indicate that cervical range of motion exercises can
effectively improve the pulmonary function and coughing ability of stroke patients intubated with tracheostomy

tubes, and that cervical range of motion exercises can help in the removal of tracheostomy tubes.
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INTRODUCTION

Changes in the respiratory activity of stroke patients on
the paralyzed side affect the forced vital capacity (FVC),
forced expiratory volume at 1 second (FEV,), FEV,/FVC
ratio, and peak expiratory flow rate (PEFR); changes in
these pulmonary function indicators bring about a decline in
the peak cough flow rate (PCFR), an indicator of coughing
function'-?). Weakened pulmonary function restricts the per-
formance of daily living activities by making patients easily
fatigued, and decreased coughing function causes serious
problems in the respiratory system due to the inappropri-
ate removal of secretions in the airway; it can also trigger
complications such as pneumonia® %. In previous studies,
inspiratory muscular training, feedback respiratory training,
and other forms of muscle training exercises have been used
to improve the respiratory activity of stroke patients® ©).

Recently, studies have reported that intubated patients
show restricted cervical spine motion”). Abnormal head and
cervical postures cause persistent abnormal physical stress
due to muscle imbalance, and this abnormal stress brings
about restrictions on lung ventilation®. Recent reports
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indicating that cervical mobilization exercises improve pul-
monary functions have been published”). Therefore, in this
study, brain-damaged patients intubated with tracheostomy
tubes performed cervical range of motion exercises. The aim
was to analyze the changes in pulmonary and coughing func-
tions in order to present appropriate training methods that
can improve respiratory activity in such patients.

SUBJECTS AND METHODS

Subjects

The present study was conducted in stroke patients who
were intubated with tracheostomy tubes in the D rehabilita-
tion hospital, Ulsan, Korea. All patients understood the pur-
pose of this study. And this study’s subjects provided their
written informed consent prior to their participation accord-
ing to the ethical standards of the Declaration of Helsinki.
The subjects were 12 patients with no history of respiratory
system disease or damage, no findings of lung disease on
radiography or breast examinations, and no cognitive im-
pairments that would make the patients uncooperative, such
as high levels of dysphasia or dementia (MMSE-K score of
24 points or higher). The subjects were randomly assigned
to either a control group (n=6) that did not perform cervical
range of motion exercises or an experimental group (n=6)
that did perform cervical range of motion exercises. Random
assignment was carried out by an individual not involved
in data collection, using a computer-generated randomized
table of numbers created for each participating site before
the beginning of the study.
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Methods

To measure pulmonary function, the FVC, FEV,, and
FEV,/FVC ratio were measured using the pulmonary func-
tion calculator of a micro spirometer (Micro Medical Ltd.,
UK). To measure coughing ability, the PCFR was measured
using a peak flow meter (Cardinal Health 232 Ltd., UK).
After the initial measurements, the control group did not per-
form cervical range of motion exercises, and these patients’
pulmonary and coughing functions were then measured a
second time, 8 weeks later. The experimental group per-
formed cervical range of motion exercises 5 times per week
for 8 weeks after the initial measurements, and then these
patients’ pulmonary and coughing functions were measured
for a second time.

The exercises performed by the patients in the ex-
perimental group were those described by Cleland et al. In
each session, the physical therapist manually stretched the
patient’s upper trapezius, scalene, sternocleidomastoid, leva-
tor scapulae, and pectoralis major and minor muscles. Each
stretch was held for 30 seconds and repeated twice!?). The
exercises were performed within a cervical range of motion
in which patients intubated with tracheostomy tubes would
not feel uncomfortable: 10° for flexion, extension, and lat-
eral flexion and 20° for rotation.

The three physical therapists who participated in the
study and worked with all of the patients had at least 5 years
of clinical experience. The physical therapists all underwent
a standardized training regimen, which included studying a
manual of standard procedures with the operational defini-
tions of each examination and treatment procedure.

Paired t-tests were conducted to compare changes in the
measured pulmonary and coughing function values over
time in each group. Statistical analyses were conducted us-
ing PASW 17.0 for Windows, and the significance level was
set to a.=0.05.

RESULTS

Table 1 shows the general characteristics of the subjects.
The results of paired t-tests conducted to compare the first
and second measurements of pulmonary and coughing func-
tion in each group are shown in Tables 2 and 3. The control
group did not show any significant differences in FVC or
FEV,, while the experimental group showed a statistically
significant increase in both of these parameters (p<0.05).
Likewise, the control group did not show any significant dif-
ference in PCFR, but the experimental group showed a sta-
tistically significant increase in this measurement (p<0.05).

DISCUSSION

Coughing serves as an important protective function in
humans that discharges secretions to the outside of the body
through mucociliary clearance; this prevents complications
such as pneumonia. Stroke patients have a reduced ability to
cough due to their weakened respiratory muscles and show a
decreased PCFR, which is an indicator of coughing ability?.

In the case of patients with tracheostomy tubes due to
severe brain damage, these tubes can be removed success-
fully only when the patients’ coughing ability has been

Table 1. General characteristics of the subjects (number or

mean+SD)

. ontrol group Experimental
Variables ¢ (n=6g) P grlf)up (n=6)
Gender (male/female) 4/2 2/4
Paretic side (left/right) 51 1/5
Age (years) 77.2+10.7 76.5+10.2
Time since stroke (months) 23.5+14.6 26.2+21.5
Height (cm) 164.3+8.1 159.0+10.9
Weight (kg) 55.7£11.7 51.15+16.1

Table 2. Comparison of pre and post pulmonary
and coughing function in the control group

(mean+SD)
Variables Pre Post
FVC (mL) 650.0+£238.7 671.7+£267.1
FEV, (mL) 458.3+181.3 483.3£205.2
FEV,/FVC (%) 70.2+6.5 71.8+£11.2
PCFR (L/min) 70.8+16.2 71.7£22.1

FVC: forced vital capacity, FEV;: forced expiratory
volume at 1 second, FEV,/FVC: forced expiratory
ratio, PCFR: peak cough flow rate

Table 3. Comparison of pre and post pulmonary and
coughing function in the experimental group

(mean+SD)
Variables Pre Post
FVC (mL) 643.3£206.7 740.0+£275.8"
FEV, (mL) 471.7£125.5 505.0<121.1"
FEV/FVC (%) 74.7£11.3 71.7£15.1
PCFR (L/min) 63.3+9.9 70.8+16.3

FVC: forced vital capacity, FEV: forced expiratory
volume at 1 second, FEV/FVC: forced expiratory ra-
tio, PCFR: peak cough flow rate, *p<0.05

recovered. The normal PCFR is at least 300 L/min. If the rate
is within the range of 160-270 L/min, viral infections can
occur easily. If the rate drops below 160 L/min, mucociliary
clearance ability declines remarkably'!). The stroke patients
intubated with tracheostomy tubes who participated in the
present study had remarkably decreased coughing ability,
demonstrated by PCFRs of lower than 160 L/min. Thus,
the patients’ ability to remove secretions was lost. While
the control group did not show any change in PCFR after
8 weeks, the experimental group,who performed cervical
range of motion exercises, showed significant increases in
PCFR after intervention. This indicates that cervical range
of motion exercises are effective for improving the cough-
ing function of stroke patients intubated with tracheostomy
tubes. However, Bach reported that tracheostomy tubes
could be removed only when the PCFR was at least 160
L/min. The experimental group in the present study had a
PCFR of 160 L/min. Therefore, longer training periods
may be necessary to remove tracheostomy tubes in stroke



patients.

Chalmers et al. reported that patients with FVC values of
lower than 300 mL needed continuous mechanical ventila-
tion with tracheostomy tubes, patients with FVC values in
the range of 300-700 mL needed mechanical ventilation
with tracheostomy tubes at night and when necessary during
the daytime, and patients with FVC values within the range
of 700-1,000 mL could be helped to breathe by mechani-
cal ventilation with nasal masks instead of tracheostomy
tubes'?. The patients in the present study had FVC values
lower than 700 mL, and the patients in the experimental
group had increased FVC values that exceeded 700 mL
after they had performed cervical range of motion exercises.
These results indicate that these exercises can help in remov-
ing the necessity for tracheostomy tubes.

Abnormal head and cervical postures cause persistent
abnormal physical stress due to muscle imbalance. This
abnormal stress brings about restrictions in lung ventilation
and pulmonary functions®). Cervical muscle strengthening
and stretching exercises correct abnormal postures, thus re-
ducing the abnormal stress caused and improving restricted
ventilation function, so that effective ventilation can oc-
cur'?. Han et al. reported that these effects were the result of
cervical muscle function recovery, and that reduced airway
resistance resulted from postural changes®. It is assumed
that the cervical range of motion exercises performed in the
present study relaxed tense cervical muscles, thus reducing
the resulting abnormal stress caused, reducing airway resis-
tance, and improving pulmonary and coughing functions.

Compared to patients without tracheostomy tubes,
patients intubated with tracheostomy tubes have lower
Functional Independence Measure (FIM) scores and require
longer stays in rehabilitation units'#). Therefore, the removal
of tracheostomy tubes is an important issue for such patients.
The length of extubation is associated with mortality in in-
tensive care units'>. Extubation fails in 10-20% of patients,
and when extubation has failed, the patient shows clinically
poor results'® 1. Therefore, reducing errors that determine
the length of extubation is important. In the present study,
the pulmonary and coughing functions of patients with
tracheostomy tubes were examined by the measurement of
FVC, FEV,, and PCFR, and extubation-related matters were
discussed. However, airway resistance and the elasticity of
the respiratory system are simple and non-invasive measures
that successfully predict the length of extubation'®: 1), The
rapid shallow breathing index (RSBI) indicates the relation-
ship between respiratory frequency and tidal volumes and
has been reported to determine the length of extubation more
accurately than other tools??). Recently, values showing
muscle fatigue were reported to be important elements that
determine successful extubation?!. Therefore, future studies
should be conducted on effective training methods that can
make extubation easier for patients with tracheostomy tubes,
using multilateral measurement approaches with diverse
training and measurement methods.

ACKNOWLEDGEMENT

This work was supported by the 2014 Gimcheon Univer-
sity Research Grant.

2)

3)

4)

5)

6)

7

8)

9)

10

=

11)

12)

13)

14)

15)

16)
17)

18)

19)

20)

21)

1331

REFERENCES

Khedr EM, El Shinawy O, Khedr T, et al.: Assessment of corticodiaphrag-
matic pathway and pulmonary function in acute ischemic stroke patients.
Eur J Neurol, 2000, 7: 509-516. [Medline] [CrossRef]

Ward K, Seymour J, Steier J, et al.: Acute ischaemic hemispheric stroke is
associated with impairment of reflex in addition to voluntary cough. Eur
Respir J, 2010, 36: 1383—1390. [Medline] [CrossRef]

Agnarsson U, Thorgeirsson G, Sigvaldason H, et al.: Effects of leisure-
time physical activity and ventilatory function on risk for stroke in men:
the Reykjavik Study. Ann Intern Med, 1999, 130: 987-990. [Medline]
[CrossRef]

Walter U, Knoblich R, Steinhagen V, et al.: Predictors of pneumonia in
acute stroke patients admitted to a neurological intensive care unit. J Neu-
rol, 2007, 254: 1323-1329. [Medline] [CrossRef]

Britto RR, Rezende NR, Marinho KC, et al.: Inspiratory muscular training
in chronic stroke survivors: a randomized controlled trial. Arch Phys Med
Rehabil, 2011, 92: 184-190. [Medline] [CrossRef]

Kim K, Fell DW, Lee JH: Feedback respiratory training to enhance chest
expansion and pulmonary function in chronic stroke: adouble-blind, ran-
domized controlled study. J Phys Ther Sci, 2011, 23: 75-79. [CrossRef]
Turkstra TP, Craen RA, Pelz DM, et al.: Cervical spine motion: a fluoro-
scopic comparison during intubation with lighted stylet, GlideScope, and
Macintosh laryngoscope. Anesth Analg, 2005, 101: 910-915. [Medline]
[CrossRef]

Han D, Ha M, Son Y: The effect of cervical muscle exercise on respiratory
gas in allergic rhinitis. J Phys Ther Sci, 2011, 23: 119-121. [CrossRef]
Stretanski MF, Kaiser G: Osteopathic philosophy and emergent treatment
in acute respiratory failure. ] Am Osteopath Assoc, 2001, 101: 447—-449.
[Medline]

Cleland JA, Mintken PE, Carpenter K, et al.: Examination of a clinical
prediction rule to identify patients with neck pain likely to benefit from
thoracic spine thrust manipulation and a general cervical range of mo-
tion exercise: multi-center randomized clinical trial. Phys Ther, 2010, 90:
1239-1250. [Medline] [CrossRef]

Gauld LM, Boynton A: Relationship between peak cough flow and spi-
rometry in Duchenne muscular dystrophy. Pediatr Pulmonol, 2005, 39:
457-460. [Medline] [CrossRef]

Chalmers RM, Howard RS, Wiles CM, et al.: Respiratory insufficiency in
neuronopathic and neuropathic disorders. QJM, 1996, 89: 469—-476. [Med-
line] [CrossRef]

Corréa EC, Bérzin F: Efficacy of physical therapy on cervical muscle ac-
tivity and on body posture in school-age mouth breathing children. Int J
Pediatr Otorhinolaryngol, 2007, 71: 1527-1535. [Medline] [CrossRef]
Roth EJ, Lovell L, Harvey RL, et al.: Stroke rehabilitation: indwelling uri-
nary catheters, enteral feeding tubes, and tracheostomies are associated
with resource use and functional outcomes. Stroke, 2002, 33: 1845-1850.
[Medline] [CrossRef]

Maclntyre NR, Cook DJ, Ely EW Jr, et al. American College of Chest
Physicians American Association for Respiratory Care American Col-
lege of Critical Care Medicine: Evidence-based guidelines for weaning
and discontinuing ventilatory support: a collective task force facilitated
by the American College of Chest Physicians; the American Association
for Respiratory Care; and the American College of Critical Care Medicine.
Chest, 2001, 120: 375S-395S. [Medline] [CrossRef]

Epstein SK: Decision to extubate. Intensive Care Med, 2002, 28: 535-546.
[Medline] [CrossRef]

Epstein SK: Extubation failure: an outcome to be avoided. Crit Care, 2004,
8:310-312. [Medline] [CrossRef]

Gluck EH, Corgian L: Predicting eventual success or failure to wean in
patients receiving long-term mechanical ventilation. Chest, 1996, 110:
1018—1024. [Medline] [CrossRef]

Nava S, Rubini F, Zanotti E, et al.: Survival and prediction of successful
ventilator weaning in COPD patients requiring mechanical ventilation for
more than 21 days. Eur Respir J, 1994, 7: 1645-1652. [Medline] [CrossRef]
Chatila W, Jacob B, Guaglionone D, et al.: The unassisted respiratory rate-
tidal volume ratio accurately predicts weaning outcome. Am J Med, 1996,
101: 61-67. [Medline] [CrossRef]

Castro AA, Cortopassi F, Sabbag R, et al.: Respiratory muscle assessment
in predicting extubation outcome in patients with stroke. Arch Bronconeu-
mol, 2012, 48: 274-279. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/11054135?dopt=Abstract
http://dx.doi.org/10.1046/j.1468-1331.2000.00104.x
http://www.ncbi.nlm.nih.gov/pubmed/20413536?dopt=Abstract
http://dx.doi.org/10.1183/09031936.00010510
http://www.ncbi.nlm.nih.gov/pubmed/10383369?dopt=Abstract
http://dx.doi.org/10.7326/0003-4819-130-12-199906150-00006
http://www.ncbi.nlm.nih.gov/pubmed/17361338?dopt=Abstract
http://dx.doi.org/10.1007/s00415-007-0520-0
http://www.ncbi.nlm.nih.gov/pubmed/21272713?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2010.09.029
http://dx.doi.org/10.1589/jpts.23.75
http://www.ncbi.nlm.nih.gov/pubmed/16116013?dopt=Abstract
http://dx.doi.org/10.1213/01.ane.0000166975.38649.27
http://dx.doi.org/10.1589/jpts.23.119
http://www.ncbi.nlm.nih.gov/pubmed/11526878?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20634268?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20100123
http://www.ncbi.nlm.nih.gov/pubmed/15765540?dopt=Abstract
http://dx.doi.org/10.1002/ppul.20151
http://www.ncbi.nlm.nih.gov/pubmed/8758051?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8758051?dopt=Abstract
http://dx.doi.org/10.1093/qjmed/89.6.469
http://www.ncbi.nlm.nih.gov/pubmed/17659787?dopt=Abstract
http://dx.doi.org/10.1016/j.ijporl.2007.05.031
http://www.ncbi.nlm.nih.gov/pubmed/12105364?dopt=Abstract
http://dx.doi.org/10.1161/01.STR.0000020122.30516.FF
http://www.ncbi.nlm.nih.gov/pubmed/11742959?dopt=Abstract
http://dx.doi.org/10.1378/chest.120.6_suppl.375S
http://www.ncbi.nlm.nih.gov/pubmed/12029399?dopt=Abstract
http://dx.doi.org/10.1007/s00134-002-1268-8
http://www.ncbi.nlm.nih.gov/pubmed/15469587?dopt=Abstract
http://dx.doi.org/10.1186/cc2927
http://www.ncbi.nlm.nih.gov/pubmed/8874263?dopt=Abstract
http://dx.doi.org/10.1378/chest.110.4.1018
http://www.ncbi.nlm.nih.gov/pubmed/7995395?dopt=Abstract
http://dx.doi.org/10.1183/09031936.94.07091645
http://www.ncbi.nlm.nih.gov/pubmed/8686717?dopt=Abstract
http://dx.doi.org/10.1016/S0002-9343(96)00064-2
http://www.ncbi.nlm.nih.gov/pubmed/22607984?dopt=Abstract
http://dx.doi.org/10.1016/j.arbres.2012.04.010

