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ABSTACT 
 
Background: People with Spinal Cord Injury (SCI) frequently experience various complications. Subjects with SCI 
are in a sitting posture for prolonged periods of time, it is important to know how different sitting postures affect 
pulmonary function. 
Aim: To see the effect of different sitting postures on lung capacity and expiratory flow (LC-EF) in patient of Spinal 
Cord Injury (SCI).  
Material and Method: Hospital based experimental study carried out on 26 patients of SCI during July to 
September 2009 at Spine Institute of Civil Hospital, Ahmedabad in which two different sitting positions given to 
patients in wheelchair: 1) Normal sitting posture and 2) WO-BPS sitting posture. The lung capacity and expiratory 
flow (LC-EF) measures forced vital capacity (FVC), forced expiratory volume in 1 second (FEV1), peak expiratory 
flow rate (PEFR) and average forced expiratory flow between 25-75% FVC levels (FEF25-75%). 
Results: All variables including FEV1, FVC, and PEFR were analyzed statically significant in both sitting posture: 
Normal and WO-BPS posture and FEF25-75% was also increase but not statically significant. 
Conclusions: WO-BPS with lumbar curve is better option for patients of SCI, sitting for prolong period of time 
because in this position improve the lung function in SCI patients than normal sitting posture. 
 
Key Words: spinal cord injury, posture, lung volume measurements 
 
 
INTRODUCTION 

People with Spinal Cord Injury (SCI) frequently 
experience a range of complications. Respiratory 
dysfunction1, pain2, 3, muscle fatigue4, and pressure 
ulcers5-12 are among the most common complaints. A 
major cause of morbidity and mortality in these people 
is long-term respiratory complication in the form of 
pneumonia or atelectasis5, with pneumonia being the 
leading cause of their deaths.13  

Many factors can contribute to poor lung function, 
including smoking habits, surgical history, hazardous 
occupational or environmental exposure, asthma, 
allergies, chronic obstructive pulmonary disease, and 
obesity. Additionally, the connection between posture 
and lung performance has proved significant.1, 6, 14-16 

In SCI populations, Chen1 and Baydur14 and colleagues 
found that the supine posture produced the best 
spirometric recordings. But subjects with SCI are in a 
sitting posture for prolonged periods of time, it is 

important to know how different sitting postures affect 
pulmonary function. A new seating position that 
changes in ischial and lumbar support17 has been 
developed to suggest a new sitting posture to mimic the 
spine’s natural curvature in the stance, and provide 
better postural support for seated subjects17. This 
posture has been designated as the back part of the seat 
without ischial support (WO-BPS), 18 and the enhanced 
lumbar support.  

Because the WO-BPS’s design imitates standing spinal 
alignment, it was expected that use of this model by 
subjects would result in improved sitting posture and 
respiratory capacity. This study was already performed 
in normal individual and purpose of this study to know 
effect of these postural changes on lung capacity and 
expiratory flow in spinal cord injury patient.        

Purpose of this study is to evaluate the effect of 
different sitting posture in wheelchair on lung capacity 
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(LC) and expiratory flow (EF) in spinal cord injury 
patients.  

 

MATERIALS AND METHOD 

The present study is hospital based experimental study 
carried out during July to September 2009 at Spine 
Institute of  Civil Hospital, Ahmedabad in which 
independent variable: sitting posture and dependent 
variable: lung function. Total 26 patients of age group 
of 17 to 50 years of SCI were taken as sample 
population without gender disparity. 

Material comprised in this study were pen, paper, nose 
clip, mouth piece, spirometer, weighing machine 
standard measures tape for height measurement, 
wheelchairs etc. All 26 subjects were selected from 
wards and OPD in the hospital. Explained whole 
procedure to the subjects before the study carried out 
and then randomly given two different sitting positions 
in wheelchair in patients:  

1) Normal sitting posture, with full ischial support and 
flat lumbar support  

2) WO-BPS sitting posture; back part of seat without 
support with partially removed Ischia support and total 
back rest with lumbar curve. 

 In sitting postures, knees were flexed at 900   with feet 
fully supported. 

 

Subject were told how to properly complete 1 trial, 
which consisted of (1) deepest inhalation possible 
(without spirometer), (2) clamping of the nostrils with 
help of nose clip and (3) exhalation with maximum 
effort into transducer tube of spirometer. Subjects were 
given time to practice the breathing protocol until they 
felt comfortable in the wheelchair and could 
reproduced, to fullest extent possible, consistent trend 
on flow –volume loop. Three trails were then recorded 
for each of the postures. The posture testing sequence 
was randomized according to a randomization schedule 
generated beforehand. Brief rest of 30 seconds between 
trials minimized the fatigue effect on the respiratory 
muscles. 

The lung capacity and expiratory flow (LC-EF) 
measures forced vital capacity (FVC), forced expiratory 
volume in 1 second (FEV1), peak expiratory flow rate 
(PEFR) and average forced expiratory flow between 
25-75% FVC levels (FEF25-75%). A Helios 401 
spirometer with RMS software was used to measure 
each subjects LC-EF. 

After all the subjects completed the breathing 
measurements we selected higher value among the 3 
trails in each posture. The mean and standard deviation 
(SD) of FVC, FEF25-75%, PEFR and FEV1 were 
calculated. When significance was found, paired t tests 
were done to test posture effect on each of LC-EF 
parameters between two sitting posture. Statistical 
analysis was performed with SPSS software.        

 

RESULT 

Data were analyzed by student ‘t’ test. Paired ‘t’ test 
was used to find out if there  in any significant 
difference  in lung function test in two different sitting 
posture. All variables including FEV1, FVC, and PEFR 
were analyzed stastical significant in both sitting 
posture; Normal and WO-BPS posture and FEF25-
75% was also increase but not stastical significant. 

 

Table 1: Comparison of mean values of variables 
with Normal sitting posture and WO-BPS sitting 
posture in wheel chair  

Outcome 
measures 

Normal sitting 
posture 

Mean+ SD 

WO-BPS 
sitting posture 

Mean+ SD 

’t’
 values

FVC 1.97+.71 2.20+.65 4.74
FEV1 1.72+.59 2.02+.52 7.26
FEF25-75% 2.51+1.01 2.75+.87 1.51
PEFR 3.72+1.43 4.64+1.41 5.95
 
FVC: A “t’’ value of FVC is 4.744 which is higher than 
that  of table value 2.787.This indicate that there is 
significant difference in FVC values in Normal and 
WO-BPS sitting posture.(p<0.01) 

FEV1: A “t’’ value of FEV1 is  7.263 which is higher 
than that of table value  2.787.This indicate that there is 
significant difference in FEV1 values in Normal and 
WO-BPS sitting posture. (p<0.01) 

FEF25-75%: A “t’’ value of FEF25-75% is 1.511 
which is less than that of table value  2.060.This 
indicate that there is no stastical significant difference 
in FEF25-75% values in Normal and WO-BPS sitting 
posture. 

PEFR:A “t’’ value of PEFR is  5.944 which is higher 
than that of table value 2.787.This indicate that there is 
significant difference in PEFR values in Normal and 
WO-BPS sitting posture. (p<0.01) 

All variables including FEV1, FVC, and PEFR were 
analyzed statically significant in both sitting posture: 
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Normal and WO-BPS posture and FEF25-75% was 
also increase but not statically significant. 

 

DISCUSSION 

We evaluated the biomechanical effects on the LC-EF 
of different sitting postures on the LC-EF. Results 
show that posture significantly influenced spirometric 
parameters in tested subjects. The flow-volume loop is 
widely used in clinical practice to assess lung function 
for the condition of airways and the strength of the 
respiratory muscles.  

The PEF reflects and measures the rate of flow from 
the large airways; it is also affected by the strength of 
the thoracic and abdominal muscles and the degree of 
muscular effort generated by the subject.20 The FVC is 
the total volume of air exhaled with maximal effort. 
FEF25%–75% is the flow rates at the corresponding 
percentage point of the FVC exhaled, and indicate the 
function of small or distal airways.19 The results of 
lumbar lordosis in this study are, in general, consistent 
with other published studies.22-26. 

In parallel with Subjects’ improved respiratory 
performance in the WO-BPS sitting posture over 
performances in the normal sitting posture. Although 
there is no evidence in the literature that changes in 
lumbar lordosis and kyphosis have significant influence 
on lung function, we think that these significant 
differences in lumbar lordosis in different postures may 
account for the changes in pulmonary capacity between 
the postures we tested. 

A shape change in any one of these curvatures will 
cause compensatory changes in the others to help 
maintain balance and conserve muscular energy.27   

adjustments to spinal alignment may change the 
volume of air available to the lung and/or influence the 
efficacy of contraction of the diaphragm and other 
respiratory muscles. Therefore, an increase in spinal 
lordosis in the lumbar region is likely to induce a 
decrease in thoracic kyphosis, thus giving the ribcage 
greater room to expand during inspiration.21   in this 
study, lumbar curve more in WO-BPS with lumbar 
curve than the normal sitting posture. 

 

CONCLUSION 

By this study, we can say that WO-BPS with lumbar 
curve is better option for patients of SCI, sitting for 
prolong period of time because in this position 
improve the lung function in SCI patients than normal 
sitting posture. The WO-BPS with lumbar support 
sitting posture show significant improvement in FVC, 
PEFR, FEV1 and increasing values of FEF25-75% but 
it is not statistically significant. 

The following are recommendation for future study: 

1. Including upper thoracic level of SCI patients and 
cervical level also. 

2. To evaluate postural change effect on lung 
function particular in WO-BPS with lumbar curve, 
over a longer period of time by full wheelchair 
users with SCI patients. 

 

 

REFERENCES 
1. Chen CF, Lien IN, Wu MC. Respiratory function in patients 

with spinal cord injuries: effects of posture. Paraplegia 1990; 
28:81-6. 

2. Dyson-Hudson TA, Kirshblum SC. Shoulder pain in chronic 
spinal cord injury. Part I: Epidemiology, etiology, and 
pathomechanics. J Spinal Cord Med 2004; 27:4-17. 

3. Gironda RJ, Clark ME, Neugaard B, Nelson A. Upper limb 
pain in a national sample of veterans with paraplegia. J Spinal 
Cord Med 2004; 27:120-7. 

4. Rodgers MM, McQuade KJ, Rasch EK, Keyser RE, Finley MA. 
Upper-limb fatigue-related joint power shifts in experienced 
wheelchair users and nonwheelchair users. J Rehabil Res Dev 
2003; 40:27-37. 

5. McKinley WO, Jackson AB, Cardenas DD, DeVivo MJ. 
Longterm medical complications after traumatic spinal cord 
injury: a regional model systems analysis. Arch Phys Med 
Rehabil 1999; 80:1402-10. 

6. Hobson DA, Tooms RE. Seated lumbar/pelvic alignment. A 
comparison between spinal cord-injured and noninjured 
groups. Spine 1992; 17:293-8. 

7. Brienza DM, Karg PE, Geyer MJ, Kelsey S, Trefler E. The 
relationship between pressure ulcer incidence and buttock-seat 
cushion interface pressure in at-risk elderly wheelchair users. 
Arch Phys Med Rehabil 2001; 82:529-33. 

8. Pinchovsky-Devin GD, Kaminski MV. Correlation of pressure 
sores and nutritional status. J Am Geriatr Soc 1986; 34:435-40. 

9. Velez-Campos L, Mahoney P. DRG’s and pressure sores. J 
Enterostomy Ther 1987; 14:243-7. 

10. Staas WE, Cioschi HM. Pressure sores—a multifaceted 
approach to prevention and treatment. West J Med 1991; 
154:539-44. 

11. Lindan O, Greenway RM, Piazza JM. Pressure distribution on 
the surface of the human body. 1. Evaluation in lying and 
sitting positions using a “bed of spring and nails.” Arch Phys 
Med Rehabil 1965; 46:378-85. 

12. Thorfinn J, Sjöberg F, Lidman D. Sitting pressure and 
perfusion of buttock skin in paraplegic and tetraplegic patients, 
and in healthy subjects: a comparative study. Scand J Plast 
Reconstr Surg Hand Surg 2002; 36:279-83. 

13. Jackson AB, Grooms TE. Incidence of respiratory 
complications following spinal cord injury. Arch Phys Med 
Rehabil 1994; 75:270-5. 

14. Baydur A, Adkins RH, Milic-Emili J. Lung mechanics in 
individuals with spinal cord injury: effects of injury level and 
posture. J Appl  Physiol 2001; 90:405-11. 

15. Appel M, Childs A, Healey E, Markowitz S, Wong S, Mead J. 
Effect of posture on vital capacity. J Appl Physiol 1986; 
61:1882-4. 

16. Lalloo UG, Becklake MR, Goldsmith CM. Effect of standing 
versus sitting position on spirometric indices in healthy 
subjects. Respiration 1991; 58:122-5. 

17. Makhsous M, Lin AF, Hendrix RW, Hepler M, Zhang LQ. 
Sitting with adjustable ischial and back supports: biomechanical 
changes.Spine 2003; 28:1113-21 



 
 

NATIONAL JOURNAL OF MEDICAL RESEARCH 

Volume 2 Issue 2 Apr – June 2012  print ISSN: 2249 4995  eISSN: 2277 8810 Page 168 
 
 

18. Makhsous M, Patel JC, Lin F, Hendrix RW, Zhang LQ. Sitting 
pressure in a wheelchair with adjustable ischial and back 
supports. In: Proceedings of the RESNA 26th International 
Conference on Technology and Disability: Research, Design, 
Practice and Policy; 2003 June 19-23; Atlanta (GA). 

19. Lin, Fang, Sriranjani Parthasarathy, Susan Taylor, Deborah 
Pucci, Ronald Hendrix, Mohsen Makhsous. Effect of Different 
Sitting Postures on Lung Capacity, Expiratory Flow, and 
Lumbar Lordosis.(2006) Archives of Physical Medicine and 
Rehabilitation 87 (2006): 504-9. 

20. Eid N, Yandell B, Howell L, Eddy M, Sheikh S. Can peak 
expiratory flow predict airflow obstruction in children with 
asthma? Pediatrics 2000; 105:354-8. 

21. Druz WS, Sharp JT. Activity of respiratory muscles in upright 
and recumbent humans. J Appl Physiol 1981; 51:1552-61. 

22. Andersson GJ, Murphy RW, Ortengren R, Nachemson AL. 
The influence of backrest inclination and lumbar support on 
lumbar lordosis. Spine 1979; 4:52-8. 

23. Itoi E. Roentgenographic analysis of posture in spinal 
osteoporotics. Spine 1991;16:750-6. 

24. Stagnara P, De Mauroy JC, Dran G, et al. Reciprocal angulation 
of vertebral bodies in a sagittal plane: approach to references 
for the evaluation of kyphosis and lordosis. Spine 1982; 7:335-
42. 

25. Kimura S, Steinbach GC, Watenpaugh DE, Hargens AR. 
Lumbar spine disc height and curvature responses to an axial 
load generated by a compression device compatible with 
magnetic resonance imaging. Spine 2001; 26:2596-600. 

26. Lord MJ, Small JM, Dinsay JM, Watkins RG. Lumbar lordosis. 
Effects of sitting and standing. Spine 1997; 22:2571-4. 

27. Hollingshead WH, Rosse C. Textbook of anatomy. 4th ed. 
Philadelphia: Harper & Row; 1985. 

 


