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Abstract 
Study Aim: Patient position during care has significant implications for patient 

pulmonary performance, such that standard guidelines exhibit for consideration of 

bedded patient torso angle in order to ensure sufficient pulmonary function. It is known 

that both torso flexion and head rotation independently impair exhalation performance, 

but their combined effects have not been examined, despite the fact that bed-ridden 

subjects routinely experience both simultaneously. Methods: To assess the magnitude 

and form of interaction that torso angle and head rotation exert on patient pulmonary 

performance, we used spirometry to measure exhalation function in healthy young adults 

in combinations of torso and head positions designed to mimic the positioning of 

bedridden patients. Subject maximal values for both Forced Vital Capacity (FVC) and 

Forced Expiratory Volume (FEV1) at each position were scored relative to individual 

predicted values, and compared using ANOVA for both main and interactive positioning 

effects. Results: As expected, head rotation alone caused decrements in both subject 

FVC and FEV1, while changes in torso angle exhibited a small influence on subject 

FEV1 alone. No significant interaction between torso angle and head rotation was 

revealed, suggesting that the effects of head rotation were uniform across all torso angles 

examined. The combined effects of both torso flexion and head rotation closely matched 

those predicted by additive combination of their independent effects, suggesting that 

their interaction is linear, and non-synergistic. Conclusion: While torso flexion and head 

rotation exhibit only modest effects on pulmonary function in healthy subjects, their 

combined effects are additive, and mutually consistent. As such, attention must be paid 

to both torso flexion and head rotation during patient care for subjects whose ventilatory 

performance is most crucial. 

1. Introduction 

Patient positioning during long-term hospital care must carefully balance patient 

comfort with physiological function and treatment needs [1]. In particular, patient 

positioning which compromises airflow raises the risk of pulmonary infections, known to 

occur in a high proportion of intensive care patients [2]. One of the most important and 

effective mechanisms of pulmonary infection prevention is patient self-management of 

pulmonary flow, as subjects with compromised airflow may not effectively clear their 

airways of infectious agents [3] and are thus at risk of pneumonia contraction [4]. 
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The importance of body posture to pulmonary flow has 

been previously investigated, with multiple studies 

suggesting that head and torso position individually can 

influence pulmonary function. Carlo et al. (1989) showed 

that airflow resistance is influenced by head position, as 

infant airflow resistance increased when the head was 

flexed 45° away from a neutral position [5]. This is similar 

to the findings of Badr et al. (2002), who reported a 

reduction in expiratory flow due to subject downward head 

tilt [6] and in contrast to Melissinos and Mead (1977), who 

reported increased airflow with neck hyperextension [7]. 

Behrakis et al. (1983) tested subjects in both supine and 

sitting positions, and found nearly a 30% reduction in 

resistance to pulmonary flow in the sitting position 

compared to the supine position [8], a result similar to that 

reported by Attinger et al. (1956) [9]. Gudmundsson et al. 

(1997) found that the body positions of standing and sitting 

did not result in significantly different airflow 

measurements in participants classified to be overweight, a 

result which suggests that an upright torso is key to 

effective ventilation [10]. In contrast, Palermo et al. (2005) 

reported that participants without past cardiac problems had 

airflow values that were nearly identical in both the supine 

and sitting positions [11]. However, the same study also 

showed that Forced Vital Capacity (FVC) and Forced 

Expiratory Volume (FEV1) values increased by 2.3% and 

1.6%, respectively, from the supine to the sitting position in 

subjects with cardiac function difficulties [11]. Both Talwar 

et al. (2002) and Meysman et al. (1998) reported lower 

expiratory flow rates in supine than sitting postures [12, 13], 

similar to the effects of lateral recumbancy reported by 

Manning et al. (1999) [14]. However, none of these studies 

tested intermediate torso positions, with the exemption of 

Lin et al. (2006) who tested an intermediate (slumped) 

position without back support [15]. 

In general, it is understood that elevations of the torso 

improve pulmonary performance, such that standard 

caregiver techniques to facilitate patient pulmonary 

function include upper bed (and thus patient torso) 

inclination of 30-45° [1, 2, 16, 17]. This upright angle is 

accepted to improve pulmonary function and may also deter 

gastric contents from moving into the lungs and causing 

aspiration pneumonia [2, 16, 18] (although the degree to 

which this opinion is evidenced-based recently has been 

called into question [1]). Similarly, a neutral head position 

is accepted as being most favorable for pulmonary flow [5, 

6]. However, prior studies have failed to consider how torso 

position and head rotation may interact to influence 

pulmonary function, despite the fact that patients often 

manipulate both positional aspects simultaneously. Here, 

we sought to specifically assess the degree, and form, of 

interaction between torso flexion and head rotation in their 

impact on exhalation function in healthy subjects, and to 

model their interaction to allow prediction of their 

combined effects. 

2. Materials and Methods 

2.1. Protection of Human Subjects 

This study was approved by the Institutional Review 

Board of the Indiana University of Pennsylvania (log # 10-

015). 

2.2. Equipment and Participants 

A single, portable spirometer (Spirolab II; SDI 

Diagnostics, Inc.; Easton, MA), was used to measure 

pulmonary exchange. The spirometer was factory-calibrated. 

To verify the quality of spirometer calibration, 26 separate 

tests were completed using a 3.0 L pulmonary calibration 

syringe. For each test, the calibration syringe was operated in 

a sequence designed to mimic human subject FVC testing (3 

normal [shallow] breath cycles, followed by 3 deep-breath 

maneuvers). The spirometer proved to be very accurate, with 

the maximum measurement error in these tests observed to 

be 0.07 L. The spirometer was also very precise, as test 

measurements exhibited very little variability (standard 

deviation = 0.01 L). 

Pulmonary measurements from eight different testing 

positions were obtained from fifty-four healthy, mixed-sex 

subjects aged eighteen to twenty-five years old. Subjects 

were recruited by verbal announcement; no financial 

incentives were provided for study participation. Subject 

health and lifestyle activity levels were assessed via 

questionnaire. 

2.3. Testing Procedure 

Subject height, weight, ethnicity, sex, and age were 

programmed into the spirometer in order to obtain 

individually-specific expected values for both FEV and 

FVC1, via Knudson-method calculations [19, 20]. The body 

positions and breathing maneuvers required were both 

described to and demonstrated for each subject prior to 

testing. 

Subjects were tested in positions representing four 

different torso elevations: 0° (supine), 45° (reclining), 90° 

(seated upright), and 110° (forward bend). Subjects’ legs 

remained parallel to the floor at all torso positions. The 

sequence of torso positions used during testing was varied 

among subjects, to minimize the potential for systematic 

error due to a static testing order [10]. Subjects were fitted 

with a disposable nose clip throughout data collection. 

At each torso position, subjects held the spirometer flow 

sensor in their right hand, and began with their head in 

alignment with the body axis (no rotation) and at neutral 

flexion. Subjects completed three deep-breath maneuvers as 

instructed, and then rotated their head 60° to the right, 

making firm contact with a head support which both 

constrained and maintained head rotation. In this turned-head 

position, subjects then completed three additional deep-

breath maneuvers. Subject torso was then adjusted to a 



 Health Sciences Research 2016; 3(2): 23-29 25 

 

different angle, and testing resumed with the head returned to 

a neutral position. Each subject completed testing of the four 

torso positions in one experimental session lasting 20-30 

min. 

2.4. Measurements Obtained 

The primary measurements retrieved from the spirometer 

for analysis included the forced vital capacity (FVC; used 

here as an indicator of thoracic ventilatory freedom) and the 

one-second forced expiratory volume (FEV1; used here as an 

indicator of airway resistance) [18]. Given that our subjects 

were healthy, unusually-low subject values (automatically 

flagged by the spirometer) were discarded from analysis. 

2.5. Data Analysis 

Spirometer data were retrieved as percentages of 

individually-predicted FVC and FEV1. Multiple breaths were 

recorded for each subject in each testing position; each 

individual’s highest FVC and FEV1 values for each position 

tested were retained for analysis. FVC and FEV1 data were 

grouped by position across subjects and analyzed using 

univariate and multivariate ANOVA (SPSS Statistics, ver. 22, 

IBM Corp.). Analyses focused upon (i) the relative 

contributions of head and body position to pulmonary 

performance, both separately and in interaction, and (ii) the 

form and magnitude of interaction between torso position and 

head rotation in their impacts upon exhalation performance. 

Where appropriate, post-hoc pairwise tests were used to 

examine body and head position main effects. The nominal α 

value for acceptance of statistical distinction was set to 0.05. 

2.6. Combinatorial Models 

In order to examine the ability of torso and head positions 

to influence pulmonary function in a combinatorial fashion, 

measured (independent) effect sizes for both torso and head 

position were evaluated against models which assessed their 

combined effects, in both linear and synergistic scenarios. 

The combined effect size expected from their linear (purely 

additive) interaction was the simple sum of their independent 

effect sizes. The minimum effect size expected under a 

synergistic model was estimated as ±2 SD outside of their 

linear combination, in order to approximate a 95% 

confidence interval for the detection of synergistic effects. 

Via this method, negatively synergistic interactions would 

result in a 0% effect size for the combined effects of torso 

angle and head rotation (e.g., their individual effects would 

nullify each other; Table 2). In contrast, positively synergistic 

interactions between torso angle and head rotation would be 

expected to depress pulmonary function by 18.46% for FEV1 

and 18.73% for FVC (Table 2). 

3. Results 

3.1. Validity of Predicted Values: Analyses of 

Gender and Age 

The eight-position testing procedure was completed with 

fifty-four subjects. Because the data used here were recorded 

as percentages of predicted pulmonary values (e.g., as 

proportions), we first assessed the validity of the predicted 

values. While pulmonary function is well-known to differ 

between the sexes (reviewed in [21]) and by age [18], on 

average neither the FVC (F1,54 = 0.64, NS) nor the FEV1 

(F1,54 = 0.68, NS) proportional measurements differed 

between male and female participants. This suggests that the 

calculation of predicted pulmonary values was not biased by 

gender (e.g., both sexes had predicted values of 100% for 

their sex, and actual values close to that). Likewise, neither 

mean FVC (Pearson r = 0.0055, NS) nor mean FEV1 (r = -

0.11, NS) proportional measurements were correlated with 

age, providing further confirmation of the accuracy of the 

Knudson method of pulmonary prediction [19, 20]. Subject 

average FVC and FEV1 values exceeded 93% of predicted 

values, suggesting that participants put forth consistently 

high levels of respiratory effort. 

3.2. Independent Effects of Torso and Head 

Positions 

As expected [5, 9], subject exhalation performance was 

impacted by both torso elevation and head rotation from the 

midline. Head rotation caused decrements in both subject 

FVC and FEV1, while torso angle exhibited a small influence 

on subject FEV1 alone (Table 1). No significant interaction 

between torso angle and head rotation was revealed for either 

measurement, suggesting that the effects of head rotation 

were uniform across all torso angles examined. 

Table 1. Multivariate analysesa for the effects of torso angle and head rotation on exhalation performance in healthy subjects reveal that head rotation causes 

decrements in both subject FVC and FEV1, while torso angle exhibited a small influence on subject FEV1 alone. No significant interactions between torso 

angle and head rotation were revealed, suggesting that the effects of head rotation were uniform across all torso angles examined. 

Dependent measure Variance source SSb df F α 

 torso 718.14 3 1.19 0.313 

FVC head 910.02 1 4.52 0.034 

 torso*head 52.62 3 0.09 0.967 

 torso 1217.04 3 2.57 0.054 

FEV1 head 657.61 1 4.16 0.042 

 torso*head 50.93 3 0.11 0.956 

aGeneral linear model (GLM), IBM® SPSS® Statistics, Ver. 22 
bType III Sums-of-Squares 
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Table 2. The measured, combined effect size of torso flexion and head rotation matches most closely those effects predicted by linear, rather than synergistic, 

models of their combined effects. 

Dependent 

measure 

Actual torso flexion effect 

size, % (mean ±SD)a 

Actual head rotation effect 

size, % (mean ± SD)b 

Actual combined 

effect size (%)c 

Predicted effect sizes (%) in combination 

Negative synergyd Linear (additive)e Positive synergyf 

FEV1 -4.46 ± 6.92 -2.47 ± 4.61 -7.09 0 -6.93 -18.46 

FVC -3.37 ± 7.05 -2.90 ± 5.41 -6.16 0 -6.27 -18.73 

aMeasured difference between the max and min torso position values, for both of the head positions tested 
bMeasured difference between the neutral and rotated head positions, across the four torso positions tested 
cMeasured difference between the max and min overall position mean values, across the eight combinations of torso and head positions tested 
dCalculated as the sum of the individual torso position and head rotation measured effect sizes, minus (2*SD) of their mean values 
eCalculated as the sum of the individual torso position and head rotation measured effect sizes 
fCalculated as the sum of the individual torso position and head rotation measured effect sizes, plus (2*SD) of their mean values 

 

Figure 1. Body and head positioning impacts upon FEV1 (upper panel) and FVC (lower panel). Depicted here are the mean ± SEM of each individual’s 

highest single FVC and FEV1 measurement, averaged across all individuals tested (n = 54), for each of the 8 testing positions. 

The highest average FVC values (100.5%) were obtained 

at both the 90° and 110° torso positions with subjects facing 

forward. Conversely, the lowest average FVC value (94.4%) 

was generated by supine subjects (0° angle) with their head 

turned. Subject average FVC was greater when facing 

forward than with the head rotated at each of the four torso 

angles (Figure 1). On average, FVC varied 2.9% across head 

rotation positions and 3.4% across torso positions (Table 2). 

On average, the highest FEV1 values (100.6%) were 

recorded from the 110° torso position with the head aligned, 

while the lowest average value (93.6%) was recorded from 

subjects whose heads were rotated while in the supine 

position. As seen with FVC, rotation of the head yielded 

lower average FEV1 measurements than when facing 

forward at each of the four torso positions (Figure 1). 

Keeping the head in alignment yielded FEV1 values which 

were, on average, 2.5% greater than those measured with the 

head turned. On average, FEV1 values varied 4.5% due to 

torso position alone (Table 2). 

3.3. Combined Effects of Torso and Head 

Positions 

As described above, the head*torso ANOVA interaction 

term was insignificant for its effects on both FEV1 and FVC 

(Table 1), suggesting that torso angle and head rotation 

independently influence exhalation. This ANOVA interaction 

term reveals that head rotation and torso position effects are 

mutually consistent, but does not fully explain how they exist 

in combination. To further explore their combined effects, the 

measured effect sizes for torso angle and head rotation were 

evaluated against several models (negatively synergistic, 

additive (linear), and positively synergistic) of their 

combined effects (Table 2). Their measured combined effect 
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is very closely approximated by the linear combination of 

their independent effects, differing only by 0.16% (FEV1) 

and 0.11% (FVC), respectively (Table 2). These analyses 

confirm that torso angle and head rotation are strongly 

independent and mutually consistent in their individual 

effects upon exhalation performance, and together have a 

linear, cumulative influence. 

4. Discussion 

Our data, collected from a large and relatively uniform 

population of healthy, young adults, contribute new 

information to the body of literature concerning the ability of 

body and head positions relevant to human patient care to 

influence pulmonary performance. In accord with prior 

studies, we have demonstrated, and measured, the 

independent contributions of torso position and head rotation 

to exhalation performance. In addition, for the first time, we 

have measured and modeled their combined effects, 

demonstrating a cumulative effect that is linear (additive), but 

not synergistic. 

4.1. Body and Head Position Influence 

Pulmonary Function 

Across the eight different positions tested, subject FVC 

and FEV1 measurements varied less than 10% from the 

highest to the lowest average values. Nonetheless, clear 

positional effects on pulmonary performance were apparent. 

As expected, rotation of the head away from midline 

depressed both subject FEV1 as well as subject FVC by 

small, but statistically-significant, amounts (Table 1). In 

contrast, changes in torso elevation had a minor effect on 

subject FEV1 alone. In general, the 110° and 90° positions 

permitted relatively more free exhalation, while the supine 

position consistently produced the lowest values (Figure 1). 

4.2. Integration with Prior Studies 

The data presented here confirm the findings of earlier 

studies, and provide a more-stringent assessment of torso 

position than is commonly assessed. Carlo et al. (1989), 

Behrakis et al. (1983), and Attinger et al. (1989) all 

demonstrated that pulmonary flow resistance tends to be 

higher when subjects are in a supine position than when 

sitting [5, 8, 9]; the current experiment demonstrates that this 

inclination effect is monotonic, as exhalation performance at 

an upper-torso angle of 45° was intermediate to angles less 

than and greater than 45°, respectively. Our results are 

similar to those of Lin et al. (2006), who found that FVC and 

FEV measurements were superior in a fully seated position 

over those of an intermediate, “slumped” position [15]. For 

most measurements, this inclination effect culminated at 90°, 

with little or no advantage gained by further torso flexion to 

110°. That consistently lower pulmonary values were 

obtained from subjects in the head-turned positions agrees 

with the report by Carlo et al. (1989), which reported high 

airflow resistance in subjects whose head was flexed away 

from the neutral position [5]. 

4.3. Subject Characteristics 

While numerous subjects (19/54) self-reported minor 

pulmonary deficits at some point in their lives (including 

asthma [n = 13] and allergies [n = 7]), the pulmonary problems 

reported in this young population tended to be mild and/or 

acute, rather than significant or chronic. 16 subjects reported 

some history of inhaler usage to improve pulmonary function. 

A total of 22 subjects reported some history of smoking, with 

only 8 subjects self-reporting having sustained, substantial (>1 

pack / wk) cigarette use at any point in their lives. 

As a group, subjects reporting pulmonary ailments (F = 

1.21), inhaler use (F = 0.98), or any history of smoking (F = 

1.70) were indistinguishable from the rest of the subject pool 

(all NS). The pulmonary performance of those subjects (n = 

8) with a significant smoking history (sustained use of > 1 

pack of cigarettes / wk) was reduced relative to the rest of the 

subject pool (F = 2.00, p < 0.05), with lower average FEV1 

and FVC in each of the eight positions tested here. However, 

these subjects nonetheless exhibited the same positional 

effects seen in the rest of the subject pool, with all pulmonary 

measurements reduced in head-turned positions relative to 

head-aligned positions. As did subjects with little or no 

smoking history, subjects with a history of heavy smoking 

exhibited reduced pulmonary performance in the supine 

position and exhibited their greatest performance at either the 

45° (FVC) or 90° (FEV1) torso elevations. No single subject 

or sub-group exhibited results which broadly differed from 

the group as a whole, suggesting that the pattern of results 

reported here is robust to slight differences in subject 

pulmonary health. 

4.4. Application to Patient Care 

Drakulovic et al. (1999) found that a simple elevation of 

head of bed to 45
o
 resulted in a dramatic reduction in VAP 

(ventilation associated pneumonia) incidence and a trend 

toward reduced mortality [22]. Nonetheless, a recent survey 

by the University Hospital Consortium revealed that 

compliance with the simple, no-cost intervention of elevating 

the head is woefully low [23]. Further, it is commonly 

accepted that patient head of bed (HOB) is typically elevated 

to a lesser degree. For example, Heyland et al. (2002) 

reported an average HOB elevation of 29
o
 (in critically-ill, 

bowel-fed subjects) [24], similar to the HOB values reported 

by Llaurado-Serraa et al. (2015) for mechanically-ventilated 

patients [25]. These HOB values are perhaps routine, but are 

less than the 30° minimum HOB angle recommended by a 

recent caregiver consortium for mechanically-ventilated 

patients [1]. This lack of compliance represents, in part, the 

need to balance aspiration risk with other care considerations, 

such as pressure ulcer risk in long-term bedded subjects 

(recently reviewed in Metheny and Frantz [2013]) [26]. 

Nonetheless our data demonstrate that strict attention to torso 

and head position can be advantageous for patients whose 

pulmonary clearance is priority. Caregiver attention must 
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focus specifically upon patient position itself, however, as 

patient migration away from an elevated HOB position 

causes a reduction in patient torso angle from that of the 

HOB angle [17]. 

4.5. Our Data Refine the Most Beneficial 

Torso and Head Positions with Respect 

to Pulmonary Function 

With less than a 2% difference in average FVC and FEV1 

values in the forward-facing forward position between the 

45° and the 90° body postures, there is little evidence in our 

data to suggest that, for most patients, a fully-upright (while 

seated) posture would provide substantial improvements in 

pulmonary function over an upper body elevation to 45° 

above the horizontal. However, that pulmonary performance 

gains tended to be incremental between the 0° and 90° 

positions suggests that higher levels of elevation may be 

warranted in those patients for whom ventilatory 

effectiveness is paramount, and further suggests that even 

slight HOB elevation may provide some benefit. 

The reduction in pulmonary function caused by rotation of 

a subject’s head away from the midline, seen in both 

measurements and across all torso positions tested, argues for 

consideration of patient head rotation for patients in primary 

care settings whose pulmonary function is impaired. Rotation 

of the head while inclined in a bed is perhaps a natural 

response during relaxation or sleep, but also is one that might 

easily be checked with supportive cushioning and caregiver 

attention. While Hilinski and Stark (2006) noted the value of 

maintaining the torso angle of patients [16], this study has 

demonstrated the additional and related benefit in keeping a 

patient’s head in a forward-facing position. 

It is possible that patient risk of nosocomial pneumonia 

during non-assisted ventilation and during NIV (noninvasive 

mechanical ventilation) may also be reduced with the 

utilization of a device that can maintain a patient’s head 

position to assist in maximizing airflow. With more patients 

contracting pneumonia than any other infection while in 

hospital intensive care units [2], the implementation of such a 

device could be advantageous to a useful number of patients. 

Our data support the premise of Dean (1985), who suggested 

that significant attention should be given to individualized 

patient posturing in order to maximize pulmonary 

effectiveness [27], especially when strict attention (including 

electronic, real-time monitoring) improves compliance with 

accepted recommendations for patient positioning [25, 28]. 

5. Conclusions 

We have demonstrated the ability of both torso flexion and 

head rotation to impair patient exhalation function, and also 

demonstrate that their combined effects are additive, but not 

synergistic. While the magnitudes of the individual and 

combined impacts on pulmonary exchange are modest, their 

effects are statistically significant and robust across multiple 

positions and subjects. This suggests that the pulmonary 

benefits of attention to both torso flexion and head rotation 

may easily be gained by most subjects, and may prove very 

advantageous in those subjects whose pulmonary function is 

most critical. 
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