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Effects of Air Stacking Training on Pulmonary Function in Patients with Spinal Cord Injury:
A Systematic Review and Meta-Analysis

Jung-Woo Shim PT, MS'

1Department of Rehabilitation Medicine, Chungnam National University Sejong Hospital

Purpose: This study aimed to investigate the effects of air stacking training (AST) on pulmonary function and cough
efficiency in patients with spinal cord injury (SCI). Pulmonary function outcomes, including forced vital capacity (FVC),
forced expiratory volume in 1 s (FEV;), and peak cough flow (PCF), were analyzed to evaluate the clinical effectiveness
of AST. Methods: A systematic review and meta-analysis were conducted following the PRISMA guidelines. Three
randomized controlled trials with 80 participants were included. Data were synthesized using both random-effects and
fixed-effects models, and standardized mean differences (SMDs) and mean differences (MDs) were calculated.
Heterogeneity was assessed using the I? statistic, and the risk of bias was evaluated using the Cochrane risk-of-bias tool.
Results: The results showed no significant differences in all outcomes. For FVC, random-effects analysis revealed an SMD
of 0.23 (95% Cl, —0.32 to 0.77, p=0.41), and fixed-effects analysis showed an MD of 0.27 (95% Cl, —0.08 to 0.62, p=0.13).
For FEV,, random-effects analysis revealed an SMD of 0.10 (95% Cl, —0.34 to 0.54, p=0.67), and fixed-effects analysis
showed an MD of 0.11 (95% Cl, —0.33 to 0.55, p=0.63). For PCF, the random-effects analysis showed an SMD of —o0.12
(95% Cl, —0.56 to 0.32, p=0.58), and the fixed-effects analysis showed an MD of —16.31 (95% Cl, —67.09 to 34.47, p=0.53).
Heterogeneity was low (I’=0%33%). Conclusion: Although significant effects were not observed, AST demonstrated
potential for improving pulmonary function and cough efficiency in patients with SCI. Further high-quality RCTs with larger
samples and longer intervention periods are needed to validate these findings and optimize AST protocols.
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Intervention Outcone

Duration

Conclusion

EG: Performed air stacking with an Ambu
bag and mask (15 reps/set, 3 sets/session, 15 Pulmonary function

min/session, 3 sessions/week) for 4 weeks. : FVC(L), FEV(L)

An3} Shin, EG=12 . . .
4weeks CG: Used an incentive spirometer for deep
2018 CG=12 . . . .
inhalation (same frequency and duration). Cough effciency :
Both groups performed inspiratory muscle PCF(L/min)
strengthening exercises.
EG: Performed 20 air stacking repetitions Pulmonary function
twice daily, 5 days/week, for 6 weeks. : FVC(L), FEV,(L
JeongZ} Yoo, EG=14 4 Y . . . @ ()
6weeks CG: Performed 20 incentive spirometry
2015 CG=12 . . . .
repetitions twice daily, 5 days/week, for 6 Cough effciency :
weeks. PCF(L/min)
EG: Performed air stacking with an Ambu
bag (10-15 reps/session, twice daily, 5 Pulmonary function
EG=15 days/week) for 4 weeks. : FVC(L), FEV (L)
Kim 5, 2010 CG=15 4weeks CG: Performed basic therapeutic exercises

(ROM, stretching, strengthening) for 30
minutes/session, twice daily, 5 days/week, for UPCF(L/min)

Cough effciency :

4 weeks.

This study suggests that
AST improves pulmonary
function, respiratory
strength, and PCF in
CSCI patients and should
be included in respiratory
rehabilitation programs.

AST effectively improves
pulmonary function and
cough efficiency in
cervical spinal cord

injury patients.

Air stacking exercise has
positive effects on the
improvements of cough
functions and that of
pulmonary functions such
as lung volume, lung
elasticity in patients with

cervical cord injury.

EG; exprimental group. CG; control group, FVC; forced vital capacity, FEVy; foced expiratory volume in 1 second, PCF; peak cough

flow, AST; air stacking training, CSCI; cervical spinal cord injury, ROM; range of motion, UPCF; unaided peak cough flow
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ottt F2F1g 1} ®3(Random Effect Model)o| A= SMD
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12=2.97, df=2, P=33%2 B7}=|c}. o= AT 71 ekte] oA
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=220, df=2, P=9%=2 W2 +F5 Kt IH 4). 1¥a57}

Std. Mean Difference
IV, Random, 95% CI IV, Random, 95% Cl
L

Experimental Control
Study or Subgroup  Mean SD Total Mean SD Total Weight
An and Shin, 2018 263 037 12 213 073 12 29.7%
Jeongand Yoo, 2015 185 091 14 1.83 076 12 33.5%
Kim, et al., 2010 159 151 15 169 089 15 36.9%
Total (95% Cl) 41 39 100.0%

Heterogeneity: Tau? = 0.08; Chi? = 2.97, df = 2 (P = 0.23); I* = 33%
Test for overall effect: Z=0.82 (P = 0.41)

0.83[-0.01, 1.67] "
0.02-0.75, 0.79]
-0.08[-0.79, 0.64]

1 Il |
T T T 1

2 -1 0 1 2
Favours [experimental] Favours [control]

0.23[-0.32, 0.77]

32l 3. FVColl LSt Forest plot(2Xte|&at =)
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Experimental Control

Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% ClI

An and Shin, 2018 263 037 12 213 073 12 55.8% 0.50[0.04, 0.96] i

Jeongand Yoo, 2015  1.85 091 14 183 076 12 29.0% 0.02[-0.62, 0.66]

Kim, et al., 2010 159 151 15 169 089 15 152% -0.10[-0.99,0.79] -

Total (95% Cl) 41 39 100.0% 0.27 [-0.08, 0.62]

Heterogeneity: Chi? = 2.20, df = 2 (P = 0.33); I = 9% ‘_2 1 5 1 2’
Test for overall sfiect: Z = 1.53 (P = 0.13) Favours [experimental] Favours [control]

33 4. FVCOl CiSt Forest plot(Z

Heit )

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight |V, Random, 95% CI IV, Random, 95% Cl
An and Shin, 2018 216 135 12 172 066 12 29.6% 040[-0.41,1.21]
Jeongand Yoo, 2015  1.69 087 14 162 082 12 326% 0.08 [-0.69, 0.85]
Kim, et al., 2010 147 139 15 162 089 15 37.8% -0.13[-0.84, 0.59]
Total (95% CI) 41 39 100.0% 0.10 [-0.34, 0. 54]

Heterogeneity: Tau? = 0.00; Chi* = 0.91, df =2 (P = 0.64); I = 0%
Test for overall effect: Z = 0.43 (P = 0.67)

32! 5. FEV,0ll th8t Forest plot(FXt$

Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight
An and Shin, 2018 216 135 12 172 066 12 26.7%
Jeong and Yoo, 2015 1.69 0.87 14 162 082 12 456%
Kim, et al., 2010 147 1.39 15 1.62 0.89 15 27.7%
Total (95% ClI) 4 39 100.0%

Heterogeneity: Chi? = 0.97, df = 2 (P = 0.62); I = 0%
Test for overall effect: Z=0.48 (P = 0.63)
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
An and Shin, 2018 163.33 7075 12 200.83 12117 12 29.7% -0.36 [-1.17,0.44] - &
Jeongand Yoo, 2015  260.7 126 14 2491 109.7 12 32.6% 0.09 [-0.68, 0.87] -
Kim, et al., 2010 17413 17193 15 1908 8271 15 37.8% -0.12[-0.84, 0.60] - &
Total (95% Cl) 4 39 100.0% -0.12 [-0.56, 0.32] *
Heterogeneity: Tau? = 0.00; Chi2 = 0.65, df = 2 (P = 0.72); = 0% 2 1 i 1 2’
Test for overall effect: Z = 0.55 (P = 0.58) Favours [experimental] Favours [control]

32! 7. PCFOIl th8t Forest plot(RXi9l&nt 28)

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
An and Shin, 2018 163.33 7075 12 200.83 12147 12 40.9% -37.50[-116.89,41.89] * &
Jeongand Yoo, 2015 2607 126 14 2491 1097 12 314% 11.60[-79.00, 102.20] & »
Kim, et al., 2010 17413 17193 15 1908 8271 15 27.7% -16.67[-113.22,79.88] ¢ &

Total (95% Cl) 4

39 100.0%

Heterogeneity: Chi? = 0.64, df =2 (P = 0.73); = 0%

Test for overall effect: Z = 0.63 (P = 0.53)

9] glea AR, &3 F7)=

-16.31 [-67.00, 34.47] ’

-100 -50 0 50 100
Favours [experimental] Favours [control]

13 8. PCFOIl CHS Forest plot(n&s1t 2F)
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