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Abstract  

he spirometric diagnosis of upper airway obstruction is an important non-invasive 

technique that was validated for the diagnosis of such lesions relying on several 

indices that were derived from the flow volume loops of patients.  

Objectives: Is to find out if postural changes have an effect on spirometric indices of airway 

obstruction in healthy subjects and if so, does this merit performing the test in supine 

posture?  

Subjects and methods: This study conducted in the department of physiology and medical 

physics/ Kerbala medical college, in which 17 males aged from 18-19 years (18.53 ± 0.51), 

had BMI of (22.95 ± 2.11 Kg/M
2
), heights of (1.75 ± 0.14 meters) and weights of (70.32 ± 

6.34 Kgs) were enrolled. The following spirometric data were measured in two different body 

positions (erect versus supine): Forced vital capacity (FVC), Forced inspiratory flow at 50% 

of vital capacity (FIF50%), Forced expiratory flow at 50% of vital capacity (FEF50%), Forced 

expiratory volume in first second (FEV1), Forced expiratory volume in first 0.5 second (FEV 

0.5), Peak inspiratory flow (PIF) and Peak expiratory flow (PEF). From these data, the 

following indices of upper airway obstruction were derived: (FEV1/ FEV0.5, FEV1/ PEF, 

FEF50%/ FIF50%, and PEF/PIF). These indices were compared with each other in respect to 

two body positions. 

Results:  

1- All the measured inspiratory and expiratory flow rates were significantly lower in supine 

position (p < 0.05). 

2- Of the four measured indices of upper airway obstruction, only the FEV1/PEF ratio 

increased significantly (p < 0.05) by about 27% upon reclining.  

 الخلاصة 

علُها حوج الوصادلت  َعخبش هي الطشق الخٍفحص وظائف الشئت  كعي طشَالعلىٌ  خٌفغٍوجشي الالحشخُص اًغذاد اى 

  لوشضً.ل ٍحجوال حلماث الخذفك علً عذة هؤششاث هغخوذة هي اعخوادا هثل هزٍ الاًغذاداثلخشخُص 

والوشخمت هي  وجشي الخٌفظل الاًغذاد لها حأثُش علً هؤششاث ت للجغن الأهذاف: هعشفت ها إرا كاًج الخغُشاث الىضعُ

  ؟وضع الاعخلماء علً الظهشكاى الأهش كزلك، هل هزا َغخحك أداء الاخخباس فٍ  ىوإ فحص وظائف الشئت

 17 حُث ضوجكشبلاء، جاهعت  /والفُضَاء الطبُت / كلُت الطب الفغلجتهزٍ الذساعت فٍ لغن أجشَج والأعالُب:  طشقال

كغن/ م 2.11±  22.95كاى هؤشش كخلت الجغن )و(، 0.51±  18.53عٌت ) 19 -18حخشاوح أعواسهن بُي  ركشا
2

 ،)

 ُي للجغنكلغ(. حن لُاط البُاًاث الخالُت فٍ هىلعُي هخخلف 6.34±  70.32) هنهخش( وأوصاً 0.14±  1.75) وأطىالهن

 FVC، FIF50% ،FEF50% ، FEV0.5، FEV1 ،FEV  ،PIF: )حن لُاط الوؤششاث الأحُت (الاعخلماءهمابل  ولىفا)

 ,FEV1/ PEF FEV1/ FEV0.5 , PEF, FEF50%/ FIF50%الوؤششاث الخالُت: ) اعخخلصج(. هي هزٍ البُاًاث، PEFو

PEF/PIF الوخخلفخُيالجغن  بىضعخٍ(. وحوج هماسًت هزٍ الوؤششاث هع بعضها البعض فُوا َخعلك.  

 الٌخائج: 

 p) وضع الىلىفبأهوُت احصائُت فٍ وضع الاعخلماء عي هثُلاحها فٍ ضفُشٌ ألل الشهُمٍ والخذفك الكاًج جوُع هعذلاث 

 > pهعٌىَا ) اصدادث  FEV1/PEFًغبت  فمط،   اًغذاد الوجشي الخٌفغٍ العلىٌ الأسبعت وهي بُي هؤششاث (.0.05 >

 .عخلماءالا ٌذ٪ ع27( بٌحى 0.05

T 
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Introduction 

      Since the early seventies, when Miller 

et al 
(1)

 and Yernault et al 
(2)

 proposed the 

first diagnostic criteria for upper airway 

obstruction (UAO), that were derived from 

the visual inspection of the flow volume 

curves (FVCs) obtained by conventional 

spirometry. Ever since, these criteria 

underwent validation with respect to other 

diagnostic techniques used to diagnose 

UAO such as flexible tracheal fluoroscopy 

and bronchoscopy 
(3)

. 

      The spirometric diagnosis of 

obstructive lesions in the upper airways is 

getting more and more crucial since these 

lesions  may produce respiratory failure 
(4)

, 

and with the advent of endotracheal 

intubation, there may be laryngotracheal 

obstruction secondary to this 

instrumentation, 
(5) 

therefore, if recognized, 

many of these lesions are amenable to 

corrective surgery. 

      The criteria by which the diagnosis can 

be made include limitation of inspiratory 

airflow, an irreversible increase in airway 

resistance coexisting with normal 

distribution of inspired gas, and an 

increase in the resistance in the upper 

airways 
(6)

. Miller and Hyatt 
(1)

 in their 

classical papers recognized the flow-

volume loop (FVL) as a valuable test for 

the detection and assessment of upper 

airway obstruction. The value of the FVL, 

as opposed to static imaging techniques, 

lies in the fact that it takes into account the 

dynamic characteristics of the upper 

airway, i.e., the changes in caliber that the 

collapsible parts of the upper airway 

undergo as a result of the changes in 

transmural pressure induced by forced 

inspiratory and forced expiratory 

maneuvers. The effect of these maneuvers, 

used for the generation of a FVL, on the 

caliber of the upper airway and, hence, on 

the effort-dependent inspiratory and (early) 

expiratory flow rates is exaggerated in the 

presence of an upper airway lesion that 

affects the structural or functional integrity 

of the upper airway. As a result, the forced 

FVL is a useful test for the detection of 

upper airway instability by producing flow 

oscillations and for detecting frank UAO, 

as reflected by a flattened FVL contour, 

reduced effort-dependent inspiratory and 

expiratory flow rates, and abnormal values 

for so-called UAO indices 
(7)

. 

       Several studies showed that changes in 

body posture might be used to further 

increase the capability of the FVL to detect 

UAO. Indeed, in two patients with a 

thyroid goiter, the FVL obtained in the 

supine posture revealed functional 

evidence of UAO not present on the FVL 

obtained in the traditional upright posture 
(8)

. However, before recommending 

recumbent FVLs in patients in whom UAO 

is suspected, it is necessary to determine 

the effect of the recumbent posture on the 

FVL-derived parameters and UAO indices 

in normal subjects, as reported in this 

study. 

Subjects and methods 

     This study was conducted in the 

department of physiology and medical 

physics/ College of Medicine/ University 

of Kerbala, from the period of November 

2012 to January 2013 where 22 apparently 

healthy medical students responded 

actively to the advertisement announced 

by the department and expressed their 

willingness to participate in the study. All 

of the volunteered students were males 

(none of the females expressed consent for 

participation, an issue that needs to be 

addressed). Of the enrolled students, five 

of them were excluded owing to the 

following exclusion criteria: 

1. Overweight or obesity (BMI > 25 

Kg/M
2
). 

2. Smoking history (recent or past). 

3. History of recent chest infection (i.e. 

within the last month prior to the 

study). 
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4. Thoracic or abdominal condition that 

may limits the procedure of data 

acquisition. 

5. History of bronchial hyper-

responsiveness. 

For every participant, along with the 

detailed medical history and relevant 

medical examination, the following 

anthropometric data were recorded; the 

age, weight, height, and BMI. The enrolled 

participants aged from 18-19 years (18.53 

± 0.51), had BMI of (22.95 ± 2.11 Kg/M
2
), 

heights of (1.75 ± 0.14 meters) and 

weights of (70.32 ± 6.34 Kgs). Despite the 

fact that most of the participants were 

acquainted with the use of spirometer, 

nevertheless, a detailed explanation of the 

procedure was given and all of them were 

instructed to perform rehearsals about the 

procedure in two different body positions.  

By using Spirolab-III provided by MIR, 

Roma, Italy and according to American 

Thoracic guidelines and standards 
(9, 10)

, 

the following spirometric data were 

measured FVC, FIF50%, FEF50%, FEV1, 

FEV 0.5, PIF and PEF. Flow volume loops 

(FVLs) were also obtained. The values 

recorded as absolute value measured and 

percentage predicted with respect to their 

age, weight, height using Udwadia 

standards. 
(11) 

 

          The FVLs and the spirometric data 

were both obtained in two different body 

position (erect and supine). 

Randomization of body posture to obtain 

data from one subject to another was 

carefully stressed upon, an adjustable 

cervical collar was used in each one of the 

two postures to limit the neck flexion and 

extension, a period of rest of not less than 

30 seconds was allowed before repeating 

any respiratory maneuver to eliminate the 

effect of fatigue on data collection, and a 

period of not less than 15 minutes upon 

shifting from one posture to the other was 

a mandate. Data collection depends on the 

best of three attempts in spirometric 

maneuvers for each participant. 
(9, 10)

    

         Upper airway obstruction was 

defined based on the following parameters 

in pulmonary function testing (PFT) 
(12, 13)

  

1. Forced inspiratory flow at 50 percent 

of the vital capacity (FIF 50%) ≤ 100 

L/Min.  

2. Ratio of forced expiratory flow at 50 

percent of the vital capacity (FEF 50%) 

to the FIF 50% (FEF 50%/FIF 50%) ≥ 1.  

3. Ratio of the forced expiratory volume 

in one second measured in milliliters to 

the peak expiratory flow rate in liters 

per minute (FEV1/PEF) ≥ 8 ml/ L/min.  

4. Ratio of the forced expired volume in 

one second to the forced expired 

volume in 0.5 second (FEV1/FEV0.5) ≥ 

1.5.  

5. Visual inspection of the flow volume 

loop (FVL) for flattening or 

oscillations. 
(14)

 

Statistical analysis 

Statistical analysis was performed using 

the least significant differences (LSD) post 

Hoc test to identify the group (s) 

responsible for statistical differences 

following student paired t-test, utilizing 

(SPSS version-16) and (Excel-2010) 

softwares. All values expressed as Mean ± 

SD. Results with P value of less than 0.05 

considered statistically significant. 

Results and discussion 

      None of the study subjects developed 

neither a plateau nor oscillations in their 

maximal inspiratory and expiratory flow 

volume curves after visual inspection of 

their FVLs. 

 Regarding inspiratory and expiratory 

flow rates: 

The inspiratory and expiratory spirometric  

data  

whether effort related or not, were all 

decreased upon assuming supine posture. 

Table-1 shows that each of the measured 

maximal inspiratory and expiratory flow 

rates (i.e. FVC, FEV1, FEV0.5, PEF, 

FEF50%, FIF50%, and PIF) decreased 

significantly in the supine compared with 

the erect posture (p <0.05).  
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Table - 1: the changes in the inspiratory and expiratory flow rates after 

changing from erect to supine posture. 
 

 

 

 

 

Parameter 

 

 

 

 

 

Unit 
Posture Change 

percentage Erect Supine 

FVC L 5.09 ± 1.1  4.72 ± 1.07    7.27 % † 

FEV1 L 4.42 ± 0.82 4.13 ± 0.8     6.56 %†  

FEV0.5 L 3.38 ± 0.61 3.15 ± 0.74     6.8 % † 

PEF  L/s 10.09 ± 2.19  9.14 ± 2.02     9.42 % † 

FEF50% L/s 5.8 ± 1.39 5.16 ± 0.55    11.03 % † 

FIF50% L/s 7.28 ±1.72  6.61 ± 1.13     9.2 % † 

PIF L/s 7.24 ±1.57  7.01 ± 1.02    3.18 % † 

† Significant (p < 0.05) 

* All data are expressed as mean ± SD unless mentioned elsewise.  

 

These results are consistent with those of 

Lalloo et al 
(15)

 who concluded that all 

spirometric indices are higher upon 

standing. The same results were reported 

by Chen et al 
(16)

 who reported that the 

vital capacity of an able-bodied subject 

was enhanced in the standing posture, a 

result which Druz and Sharp 
(17)

 attributed 

to an increase in the activation external 

intercostal muscles and the diaphragm in 

the upright posture, where owing to the 

stiffened abdomen, the activated 

intercostal muscles act to move the ribcage 

more effectively and promote ribcage 

expansion. In addition, in supine postures, 

the diaphragm aids in providing greater 

compliance with the abdomen over the 

ribcage. 
(18)

 

        In this study, the reduction in the 

forced inspiratory and expiratory flow 

rates cannot be attributed to respiratory 

muscles fatiguing since, by design, the 

order in which the two body postures were 

randomized, furthermore, the subjects 

were allowed to rest between the two body 

postures. One explanation for this finding 

is an increase in the resistance of the upper 

airway on assuming supine postures. It has 

indeed been shown that in normal subjects 
(19, 20)

 as well as in patients with 

obstructive sleep apnea syndrome (OSAS), 
(21)

 pharyngeal size decreases significantly 

in the supine posture compared with the 

upright posture, and thus limiting the 

airflow rates. This occurs independently of 

posture-related changes in lung volume 

(functional residual capacity) 
(19)

 and is 

attributed to gravitational forces acting on 

the tongue and soft palate. 
(20)

     

      Differences in the position of the neck 

may, by altering the longitudinal tension 

on the trachea and hence its stiffness, 

affect maximal expiratory flow rates. 
(17)

 

However, this was carefully avoided by 

keeping the relation of the head and neck 

to the trunk constant in the two body 

postures by using an adjustable cervical 

collar. 

     Finally, the most probable explanation 

for the supine-induced changes in flow 

rates is a decrease in lung volume. 

Recumbency produces a significant 

reduction in total lung capacity, residual 

volume, and vital capacity; these changes 

are small in the order of 10 % or less 
(23)

, 

(in this study it was up to 7.27 %) and are 

related mainly to an increase in 

intrathoracic blood volume.
 (24)

 Since 

airway caliber is clearly dependent on lung 

volume, so it is to be expected that flow 

rates also decrease with decreasing lung 

volume in the supine position.  

Table-2 shows that the four spirometric 

indices of airway obstruction have 

changed upon assuming supine position 

from erect position but, a part from the 

significant increase in FEV1/ PEF ratio, 

these changes were insignificant (P < 

0.05).  
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Table - 2: the changes in airway obstruction indices after changing from erect to supine posture. 
 

Parameter 
 

Unit 
Posture Change  

percentag

e 

Confidence interval at 

95% 

Erect Supine Erect Supine 

FEV1/ FEV0.5 - 1.33 ± 0.05 1.45 ± 0.04 + 12 %  ± 0.02 ± 0.02 

FEV1/ PEF mL/L/Min 6.34 ± 0.13 6.61 ± 0.22 + 27 % † ± 0.06 ± 0.10 

FEF50%/ FIF50% - 0.80 ± 0.11 0.98 ± 0.10 + 16 %  ± 0.05 ± 0.05 

PEF/PIF - 1.39 ± 0.31 1.45 ± 0.29 + 6 %  ± 0.15 ± 0.14 

† Significant (p < 0.05) 

* All data are expressed as mean ± SD unless mentioned elsewise.  

- Regarding UAO indices 

       These results are inconsistent with the 

findings of Masumi et al 
(25)

 who 

examined the effect of reclining on 

FEF50%/ FIF50% ratio (the only parameter 

they measured) and reported that upon 

reclining, there will be a significant 

decrease in this ratio in nine non-obese 

normal subjects. These significant 

differences presumably resulted from 

gravity causing an approximation of the 

tongue and soft palate relative to the 

posterior unmovable pharyngeal wall. The 

altered anatomic relationship induces 

neurosensory stimulation that influences 

the motor tone and collapsibility of the 

airway 
(26)

. 

     All the four indices reported in this 

study have a mean value consistent with 

those reported by similar studies.
 (26, 27)

 

Although all measured inspiratory and 

expiratory flow rates decreased 

significantly in the supine posture 

compared with the erect posture, only one 

of the UAO indices derived from these 

flow rates changed significantly, namely 

(the FEV1/ PEF ratio), as shown in figure-

1. 

 

 
This indicates that in supine postures, the 

PEF decreased proportionally more than 

the FEV1, suggesting that upper airway 

resistance is higher in supine postures than 

in the erect posture. In support of this 

speculation, Behrakis et al 
(28)

 found 

pulmonary flow resistance to be increased 

in 10 healthy young adults when shifting 

from a sitting to recumbent posture. Since 

Vincent et al 
(29)

 showed that lower 

airways resistance increases with 

decreasing lung volume, Behrakis et al 
(28)

 

reasoned that the lack of change in 

pulmonary flow resistance when shifting 

from the erect to the supine posture 

suggested greater upper airways resistance. 

This greater upper airway resistance, then, 

would affect the flow rates at high lung 

volume (such as the PEF) to a greater 

extent than the less effort-dependent flow 

rates (such as the FEV1). Hence, the 

FEV1/PEF ratio can be expected to be 
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higher in the supine posture than in the 

erect posture (in this study the FEV1/PEF 

ratio increased by + 27%). Indeed, flow 

rates at high lung volume, such as the PEF, 

are more strongly affected by changes in 

upper airway resistance than is the FEV1 

as shown by Miller and Hyatt. 
(1, 30)

  

     Nahmias and Karetzy, 
(24)

 reported that 

an increased proportion of (OSAS) 

patients showed flattening of the maximal 

inspiratory flow volume curve (i.e., a 

reduction in forced inspiratory flow rates) 

when tested in the supine posture. In 

accordance with Shore and Millman, 
(31)

 

they concluded that addition of supine 

FVLs increases the sensitivity of the FVL 

for detecting UAO in patients with the 

OSAS. Hence, the indices commonly used 

to detect UAO in the erect posture can also 

be used to indicate the absence or presence 

of UAO in the supine postures. 

Conclusions and 

recommendations 

In conclusion, this study had shown that 

measurement of FVLs is feasible in supine 

postures. The recumbency-related changes 

in UAO indices reported here might 

increase its sensitivity for detecting an 

upper airway lesion or assessing its effect 

on upper airway patency.  

Recommending such an assessment might 

be useful in decision-making, e.g., in 

deciding whether a patient with a goiter 

should undergo surgery, to document the 

return of integrity of the upper airway 

following goiter surgery, after weight loss 

in obese patients with OSAS. 

References 

1. Miller RD, Hyatt RE. Obstructing lesions of 

the larynx and trachea: clinical and physiologic 

characteristics. Mayo Clin Proc 1971; 

44(3):145-161. 

2. Yernault JC, Englert M, Sergysels R, De 

Coster A. Upper airway stenosis: a physiologic 

study. Am Rev Respir Dis 1973;108(4):996-

1000. 

3. G Hilbert, D Gruson, F Vargas: Validation of 

conventional UAO indices by flexible 

bronchoscopy. Crit Care Med. 2009 Feb ;29 

(2):249-55. 

4. Bland JW, Edwards FK, Brinsfield D: 

Pulmonary hypertension and congestive heart 

failure in children with chronic upper airway 

obstruction : New concepts of etiologic factors. 

Am J Cardiol 23:830-837, 1999. 

5. Clark TJH : Inspiratory obstruction. Br Med J 

3:682-684, 1997. 

6. Meysman M, Noppen M, Vincken W. Effect of 

posture on the flow-volume loop in two 

patients with euthyroid goiter. Chest 2007; 

110.1615-1618. 

7. Modrykamien AM, Gudavalli R, McCarthy K, 

Liu X, Stoller JK. Detection of upper airway 

obstruction with spirometry results and the 

flow-volume loop: a comparison of 

quantitative and visual inspection criteria. 

Respir Care. 2009 Apr;54(4):474-9. 

8. Jan Lamote; Bea Van Elewijck, Nancy Celis, 

RN,  Effect of Body Posture on Flow-volume 

Loop and Upper Airway Obstruction Indices, 

Before and After Thyroid Surgery. CHEST. 

2003;124:93S-93S. 

9. Restrepo RD, Wettstein R, Wittnebel L, Tracy 

M. AARC (American Association for 

Respiratory Care) clinical practice guideline: 

spirometry: 2011. Respir Care 2011 Oct; 

56(10):1600-4. 

10. Brusasco, R. Crapo and G. Viegi. ‘‘ATS/ERS 

task force: standardization of lung function 

testing”; Eur Respir J 2005; 26: 319–338. 

11. Udwadia FE, Sunaval JD, Shetye VM. Lung 

function studies in healthy Indian subjects. J 

Assoc Physicians India. 1987; 36:491–6. 

12. Rotman HH, Liss HP, Weg JG. Diagnosis of 

upper airway obstruction by pulmonary 

function testing. Chest. 1975; 68:796–9. 

13. Miller MR, Pincock AC, Oates GD, Wilkinson 

R, Smith KS. Upper airway obstruction due to 

goiter: Detection, prevalence and results of 

surgical management. Q J Med. 

1990;274:177–88. 

14. Mellissant CF, Smith SJ, Perlberger R, 

Verschakelen J, Lammers JW, Demedts M. 

Lung function, CT scan and X-ray in upper 

airway obstruction due to thyroid goiter. Eur 

Respir J. 1994; 7:1782–7.  

15. Lalloo UG, Becklake MR, Goldsmith CM. 

Effect of standing versus sitting position on 

spirometric indices in healthy subjects. 

Respiration 1991; 58:122-5. 

16. Chen CF, Lien IN, Wu MC. Respiratory 

function in patients with spinal cord injuries: 

effects of posture. Paraplegia 1990; 28:81-6. 

17. Druz  WS, Sharp JT. Activity of respiratory 

muscles in upright and recumbent humans. J 

Appl Physiol 1981;51:1552-61. 

1613



 

 

The Effect of Postural Changes on Spirometric Indices …..               Mudhaffar Sami Khazaál 

Karbala J. Med. Vol.6, No.2, Dec, 2013 

 

 

18. Morgan MD, Silver JR. The respiratory system 

in spinal cord injuries. Phys Med Rehabil Clin 

N Am. 2011 Feb;11(1):29-43, vii.  

19. Fouke JM, Strohl KP. Effect of position and 

lung volume on upper airway geometry. J Appl 

Physiol 2008; 63:375-380. 

20. Jan MA, Marshall I, Douglas NJ. Effect of 

posture on upper airway dimensions in normal 

humans. Am J Respir Crit Care Med 2004; 

149:145-148. 

21. Brown IB, McClean PA, Boucher R, et al. 

Changes in pharyngeal cross-sectional area 

with posture and application of continuous 

positive airway pressure in patients with 

obstructive sleep apnea. Am Rev Respir Dis 

2007; 136:628-632. 

22. Melissinos CG, Mead J. Maximum expiratory 

flow changes induced by longitudinal tension 

on trachea in normal subjects. J Appl Physiol: 

Respir Environ Exerc Physiol 1997; 43:537-

544. 

23. Agostoni E, DAngelo E. Statics of the chest 

wall. In: Roussos C, Macklem PT, eds. The 

thorax. New York: Marcel Dekker, 2005; 259-

295. 

24. Agostoni E, Hyatt RE. Static behavior of the 

respiratory system. In: Fishman AP, Macklem 

PT, Mead J, eds. Handbook of physiology. 

Section 3: The respiratory system. Volume III. 

Mechanics of breathing, part 1. Bethesda, MD: 

American Physiological Society, 2006; 118-

122. 

25. Masumi S, Nishigawa K, Williams AJ, et al. 

Effect of jaw position and posture on forced 

inspiratory airflow in normal subjects and 

patients with obstructive sleep apnea. Chest 

2002; 109:1484-1489. 

26. Gardner RM, Clausen JL, Crapo RO, et al. 

Quality assurance in pulmonary function 

laboratories. Am Rev Respir Dis 1996; 

134:625-27. 

27. Empey DW. Assessment of upper airways 

obstruction. Br Med J 1972; 3:503-505. 

28. Behrakis PK, Baydur A, Jaeger MJ, et al. Lung 

mechanics in sitting and horizontal body 

positions. Chest 1983; 83:643-646. 

29. Vincent MJ, Knudson R, Leith DE, et al. 

Factors influencing pulmonary resistance. J 

Appl Physiol 1970; 29:236-243. 

30. Miller RD, Hyatt RE. Evaluation of 

obstructing lesions of the trachea and larynx by 

flow-volume loops. Am Rev Respir Dis 1973; 

108:475-481. 

31. Shore ET, Millman RP. Abnormalities in the 

flow-volume loop in obstructive sleep apnea 

sitting and supine. Thorax 1984; 39:775-779. 

 

 

1614


