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™ The Effects of Breath Control on Intra-Abdominal

Pressure During Lifting Tasks
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Study Design. This was a repeated measures study
examining 11 asymptomatic subjects while performing
dynamic lifting using various postures, loads, and breath
control methods.

Objectives. To examine the effects of breath control on
magnitude and timing of intra-abdominal pressure during
dynamic lifting.

Summary of Background Data. Intra-abdominal pres-
sure has been shown to increase consistently during
static and dynamic lifting tasks. The relationship between
breath control and intra-abdominal pressure during lifting
is not clear.

Methods. Eleven healthy subjects were tested using
lifting trials consisting of two levels of posture and load
and four levels of breath control (natural breathing, inha-
lation-hold, exhalation-hold, inhalation-exhalation). Intra-
abdominal pressure was measured using a microtip pres-
sure transducer placed within the stomach through the
nose. Timing of intra-abdominal pressure was deter-
mined relative to lift-off of the weights. Repeated mea-
sures analysis of variance was used to determine the
effect of breath control, posture, and load on intra-abdom-
inal pressure magnitude and timing.

Results. There was a significant effect of breath control
(P < 0.018) and load (P < 0.002), but not of posture (P <
0.434), on intra-abdominal pressure magnitude. The inha-
lation-hold form of breath control produced significantly
greater peak intra-abdominal pressure than all other
forms of breath control (P < 0.000 for all comparisons).
No other comparisons among levels of breath were sig-
nificantly different. No significant main effects of breath
control were found relative to intra-abdominal pressure
timing.

Conclusions. Breath control is a significant factor in
the generation of intra-abdominal pressure magnitude
during lifting tasks. The effects of respiration should be
controlled in studies analyzing intra-abdominal pressure
during lifting. [Key words: intra-abdominal pressure,
breath control, low back pain, lifting] Spine 2004;29:464 -
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Intra-abdominal pressure (IAP) has been shown to in-
crease consistently during static and dynamic lifting
tasks.'™ Initial theories on the functional significance of
IAP suggested that it contributes to extensor torque and
thereby decreases compressive loads.®” However, stud-
ies using direct measurements show that increases in IAP
are related to increases in disc compression force® and
erector spinae muscle activity.”'® Furthermore, al-
though recent in vivo measures show that IAP is capable
of directly producing a small extensor moment,'" this
moment is unlikely to occur without the larger compres-
sive forces generated by concomitant trunk muscle coac-
tivation,'? suggesting that during realistic lifting tasks,
IAP does not contribute significantly to decreasing com-
pressive loads.

Intra-abdominal pressure has also been suggested to
increase lumbar stability by assisting with the formation
of a “rigid cylinder” through the abdominal muscles'®'*
and/or through stabilizing forces delivered via fascial
connections to the vertebral segments.'” Several studies
support this suggestion indirectly’'®~'® and directly.”'?
Given these recent studies, consensus appears to be form-
ing that the functional role of IAP may be primarily to
assist with stability. However, controversy remains re-
garding whether increases in stability are derived from
the direct contribution of IAP or from concomitant co-
contraction of the trunk musculature.

Many factors associated with the generation of IAP
have been studied extensively'*®2°=>7; however, the po-
tential role of breath control relative to IAP has received
little attention. The one method of breath control that
has been well studied relative to IAP production is the
Valsalva maneuver, which has been shown to signifi-
cantly increase IAP.%?® The Valsalva maneuver is cre-
ated via glottis closure and voluntary abdominal pressur-
ization. However, the Valsalva maneuver may not
adequately represent other forms of breath control that
may have an effect on IAP. There have been only two
studies examining the relationship between breath con-
trol and TIAP magnitude during lifting tasks that use
breath control methods other than a Valsalva maneu-
ver.>?? These two studies used methods that differed
with respect to loads, breath patterns, and subject selec-
tion criteria and suggested contradictory results.

Although the vast majority of studies of IAP have fo-
cused on magnitude, 6162072430733 the timing of IAP is
also an important factor underlying the biomechanical
theories of IAP. Increases in IAP magnitude must occur
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at critical moments of mechanical challenge to be of
functional significance.

The majority of studies examining the time course of
the generation of IAP have focused on determining the
relationship between the onset, and/or peak, of IAP and
the onset, and/or peak, of electromyograph (EMG) of
trunk muscles.®'828:31:343% Tn many of these studies,
the focus is on the motor control programs used to gen-
erate IAP in order to produce stability in the trunk during
“sudden response” situations. However, lifting is an ex-
ample of a slower, planned task that may not be ade-
quately described by this model. Only four studies have
examined the timing of IAP during a lifting task.?*#0=42
Two of these studies did not consider the timing of IAP
relative to the mechanical challenge of the load on the
body.**** The other two studies examined weightlifter
subjects lifting high loads (90% of one repetition
maximum).*%*!

No studies have examined the timing of IAP using
normal subjects during lifting tasks involving typical
loads. Furthermore, there have been no studies examin-
ing the relationship of breath control to the timing of IAP
during lifting tasks. The purpose of this study was to
determine the role of breath control on the timing and
magnitude of AP during dynamic lifting tasks.

B Materials and Methods

The study was conducted at the Hospital for Joint Diseases,
Mount Sinai NYU Health, and was approved by the Institu-
tional Review Board of Research Associates of the New York
University Medical Center.

This was an experimental study using repeated measures,
involving 3 parts with a total of 75 trials of 20 seconds each.
The other two parts examined natural breath control and max-
imum force production and will be reported elsewhere. The
three independent variables in the part of the study reported
here were: 1) posture; 2) load; and 3) breath condition. The
three dependent variables were: 1) peak magnitude of IAP; 2)
timing of peak TAP magnitude relative to timing of lift-off; and
3) timing of peak IAP magnitude relative to timing of peak
force. Two trials for each set of conditions were performed.

Healthy male and female volunteers, between the age of 20
and 40 years, were recruited from a university student popula-
tion. Exclusion criteria required that subjects not have a body
mass index greater than 30 kg/m? and not have a history of
back or abdominal surgery, congenital or acquired muscle dis-
eases, severe cardiovascular/respiratory diseases, low back pain
(LBP) within the previous 6 months, fractures or a history of
musculoskeletal surgery within the last year, acute or chronic
infections, metabolic diseases, glaucoma, structural diseases or
congenital deformities of the spine of a high degree, and ingui-
nal, femoral, or umbilical hernia. In addition, elite athletes
were excluded. Subjects received compensation after comple-
tion of all trials in order to increase recruitment.

A weight-lifting device was constructed consisting of a
wooden standing platform in which two pulleys conveyed a
cable connecting a handle on one end to the weights on the
other. The appropriate combinations of standard, commer-
cially available lead weights were secured to the cable.
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Figure 1. Two conditions of posture. Left figure = knees straight
posture; right figure = knees bent posture: 1 = force transducer.

Loads were normalized for each subject to 70% and 35 % of
the average of two trials of maximum isometric trunk extensor
exertion in an upright posture. Four types of breath control
were examined: 1) natural breathing; 2) maximum inhalation
before the lift and holding of the breath during the lift; 3)
maximum exhalation before the lift and holding of the breath
during the lift; and 4) maximum inhalation before the lift and
steady exhalation during the lift. Two types of posture were
examined: 1) knees bent posture in which subjects maintained
the back relatively straight and bent the knees; and 2) knees
straight posture in which subjects maintained the knees straight
and flexed the spine and hips (Figure 1). Two testers observed
each trial to monitor for correct posture and breath control.

A multichannel data acquisition system (Model AT-MIO-
64F-F, National Instruments Corp., Austin, TX) was used to
simultaneously collect data from three channels at 1000 Hz
(Figure 2). LabVIEW® for Windows software (Version 5.1,
National Instruments Corp) was used to collect data via an A/D
board. Data were stored on a PC.

Breath control was monitored via a pneumotach and pres-
sure transducer attached to a face mask (Hans Rudolph, Wyan-
dotte, MO). Force was measured via a force transducer at-
tached between the handle and the cable connected to the
weights (Figure 2). The esophageal microtip pressure trans-
ducer (Figure 2) was a 200 cm silicon rubber catheter (Millar
Instruments, Inc., Houston, TX) with a small diameter (0.162
cm) and was connected via an interface cable to a pressure
transducer (TCB-600: Millar Instruments, Inc.). Offset was
performed before the start of each subject’s trials by placing the
sensor 0.25 cm below the surface of water at 37 C.

Subjects completed a medical history questionnaire, signed
a consent form, and were measured for height and weight.
Subjects warmed up the trunk muscles by performing 10 repe-
titions each of trunk flexion, lateral flexion right and left, and
rotation right and left. The height of the handle was adjusted
for all lifts to originate at a level 2.5 cm proximal to the most
superior aspect of the patella. The nasogastric catheter was
introduced nasally into the gastric ventricle after application of
a topical anesthetic to reduce discomfort and the gag reflex
(HCL jelly USP 2% sterile aqueous solution). The correct loca-
tion of the IAP catheter was confirmed by a series of respiratory
and abdominal maneuvers. The face mask was placed on the
face and checked for air leaks.
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Figure 2. Schema of experimental setup demonstrating acquisition
of force, flow, and IAP data. Force data were provided by a force
transducer attached between the handles and the cable attached
to the weights. Intra-abdominal pressure data were provided by a
pressure transducer in the gastric ventricle via the nasal cavity.
Flow data were provided by a pneumotach attached to the hose
connected to a face mask covering the nose and mouth.

Subjects were instructed in the two testing postures. For all
trials, subjects self-selected the width of their foot placement
and aligned the tips of their toes along a line drawn on the
platform such that the pulley within the platform was approx-
imately aligned with the midfoot. Subjects were instructed to

Figure 3. Representative data
from one subject showing identi- 100

initiate the lift by grabbing the handle and moving it upwards
from the knee height position until they were standing fully
erect, while maintaining full elbow extension.

In an attempt to capture natural breathing patterns without
bias, subjects were not fully informed of the study’s focus on
natural breath control, and all trials using this breathing
method were performed first. Randomization occurred in the
natural breathing trials relative to posture and exertion. Sub-
jects were then informed of the study’s focus on breathing pat-
terns and instructed on how to perform the voluntary breath
patterns for subsequent testing. Randomization occurred in
subsequent trials based on: 1) voluntary breath control; 2) pos-
ture; and 3) exertion level.

An analysis program using Matlab® for Windows software
(Version 5.3.0; student version, The Mathworks Inc., Natick,
MA) was created to perform signal processing. The determina-
tion of all magnitude and timing values by the Matlab® pro-
gram are described in Figure 3. To prevent the analysis of TAP
values associated with the efforts of put-down, the analysis
program was designed to restrict its search for IAP magnitude
values to the time-period beginning at lift-off and ending at a
point halfway between lift-off and putdown. In all cases in the
present study in which the analysis of variance (ANOVA) was
significant, multiple paired ¢ tests using a Bonferroni correction
(based on P < 0.05) were performed to determine which pairs
of the levels of the independent variable were significant.*?

All statistical analysis was performed using a computer soft-
ware program (SPSS, Version 8.0, 1997, Inc., Chicago, IL).
Descriptive statistics (mean, standard deviation [SD]) were
computed for demographic and IAP data. Averages of the val-
ues obtained during the two trials for each combination of
conditions were used for all analyses. A separate univariate
analysis (ANOVA) for repeated measures design was per-
formed on each independent variable. All statistical tests used a
P value of 0.05.

H Results

Five males and eight females completed the study; how-
ever, IAP data from two subjects were not used in the
analysis after inspection of the data revealed a high de-
gree of probability that the IAP catheter had not been
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Table 1. Means and Standard Deviations of IAP
Magnitude and Timing Data for Posture, Load, and
Breath Control (n = 11)

Timing Timing
IAP (sec) From  (sec.) from
Independent Magnitude  Lift-off to peak force
Variable Level (mm Hg) Peak IAP  to peak IAP
Posture Knees bent 40.9(21.9) 1.10 (.67) 0.39(.08)
Knees straight  44.5(22.6) 1.10 (.66) 0.41(.10)
Load Large 50.2 (23.2) 1.21(.68) 0.44(.10)
Small 34.3(8.1) 0.93(.62) 0.36 (.09)
Breath control Inhale-hold 51.6(23.9)  0.89(.60) 0.29(.11)
Exhale-hold 38.7(15.3) 1.20(.77) 0.53(.16)
Inhale-exhale  39.3(22.9) 1.13(.66) 0.47 (.14)
Natural breath  39.9(21.5)  0.99(.46) 0.39(.10)

Data are collapsed across the other two factors (e.g., breath data collapsed
across posture and load).
IAP = intra-abdominal pressure.

properly placed within the abdominal cavity. Conse-
quently, analysis was performed on data from 11 sub-
jects, comprised of 4 males and 7 females. The mean age
was 24.5 (4.7) years, the mean height was 164.9 (13.3)
cm, and the mean weight was 64.6 (15.0) kg. Table 1
shows a summary of IAP magnitude and timing data.
Data within Table 1 are collapsed across the other two
factors (e.g., breath data collapsed across posture and
load).

Assumptions of homogeneity of variance for each
grouping of conditions were evaluated by the Mauchly
Test of Sphericity**** and found to be adequate. Based
on Greenhouse-Geisser,** IAP magnitude was signifi-
cantly affected by both level of load (P < 0.000) and
breath condition (P < 0.017), but not by level of posture
(P < 0.267) (Table 2). The effect of levels of breath con-
trol on IAP magnitude was evaluated using multiple
paired ¢ tests with a Bonferroni correction examined
within conditions of posture and load.***¢ The inhala-
tion-hold form of breath control produced significantly
greater peak IAP values than all other forms of breath
control (Table 3). No other comparisons among levels of
breath were significantly different.

Table 2. Results of Separate Repeated Measures
Univariate ANOVA for the Main Effect of Posture, Load,
and Breath on IAP Magnitude and Timing (n = 11)

Timing (sec)

Timing (sec) From Peak
Magnitude From Lift-off to Force to Peak

(mm Hg) Peak IAP IAP

P P P
F Value F Value F Value
Posture 1.382 0.267 1.597 0.238 0.059 0.813
Load 26.653 0.000* 4722 0.043* 4.722 0.055
Breath 3.996 0.017* 2.457 0.078 2.457 0.113

* P < 0.05.
ANOVA = analysis of variance; IAP = intra-abdominal pressure.

Posture and breath control had no significant effect on
either type of peak IAP timing (Table 2). Although the
effects of breath control failed to achieve preset levels of
statistical significance, there was some evidence (P <
0.078) of an effect of breath control on timing of lift-off
to peak TAP. Load achieved a significant effect on timing
of lift-off to peak TAP (P < 0.043) and closely ap-
proached significance (P < 0.055) on timing of peak IAP
to peak force.

W Discussion

Magnitude
The most important finding of the present study is the
significant effect of an inhalation-hold breathing pattern
on IAP magnitude during lifting when compared either
to controlled breathing patterns or to natural breathing.
There have been only two studies that have examined the
relationship between breath control and IAP during lift-
ing tasks that use breath control methods other than the
Valsalva.>** The results obtained in the present study
support those of McGill et al,> who found that breath
control has a significant effect on IAP magnitude during
lifting, but differ from those of Hemborg et al,*” who
found no effect of breath control. The methodologies and
analyses used in these studies differ substantially from
each other, as well as from the present study.

McGill et al’ included two types of breath control and
defined them by stating “. . .trials were performed while
breath holding and . . .continuously expiring.” The load
was defined only by “. . .subjects selected the load mag-
nitude which they felt was heavy but could be lifted
safely.” The difference in mean values between “breath
held” and “exhale” in the McGill et al study (17 mm Hg,
breath held creating higher values) are similar to the sig-
nificant differences found in the present study between
inhalation-hold and exhalation-hold and between inha-
lation-hold and inhalation-exhalation (12.3 and 13.9
mm Hg, respectively).

Similar conditions of breath and posture were used in
the present study and that of Hemborg et al.*® Direct
comparison of results between the present study and
Hemborg et al is impossible because the authors normal-
ized TAP data relative to the IAP found in “natural”
breath conditions and displayed these data in charts
only. Additionally, Hemborg et al*® used Student ¢ tests
for all comparisons without apparent correction for mul-
tiple comparisons or reporting of P values. Furthermore,
it is unclear from the report if comparisons were made
only between experimental breath conditions and natu-
ral breath conditions, or if comparisons were made
solely between multiple forms of experimental breath
conditions. Given the lack of TAP values and description
of the analysis, it is difficult to make comparisons to the
present study.

The reason for significant changes in IAP magnitude
found in the present study with the inhalation-hold pat-
tern may lie in two characteristics not simultaneously
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Table 3. Results of Paired t Tests to Demonstrate Effect of Levels of Breath Condition on IAP Magnitude Within

Conditions of Posture and Load (n = 11)

95% Confidence Interval P
Paired Differences of the Difference t df Value
Mean SD Lower Upper
Inhalation-hold to 12.93 21.04 19.33 4.07 43 0.000*
exhalation-hold
Inhalation-Hold to 12.32 15.53 17.04 5.26 43 0.000*
inhalation-
exhalation
Inhalation-hold— 11.66 17.19 16.89 4,500 43 0.000*
natural breath
Exhalation-hold to —0.610 17.01 —5.78 4.56 —0.238 43 0.813
inhalation-
exhalation
Exhalation-hold— -1.21 18.39 —6.86 431 —0.459 43 0.649
natural breath
Inhalation-exhalation—natural ~ —0.66 16.52 —5.68 4.36 —0.266 43 0.792

breath

* P < 0.0083; significance based on Bonferroni correction for multiple comparisons.

IAP = intra-abdominal pressure.

present in the other voluntary patterns: 1) increasing the
volume of the thoracic cavity before the start of the lift;
and 2) closing the glottis. The diaphragm descends on
inhalation as the volume of air within the thoracic cavity
increases. As the abdominal muscles contract to increase
IAP, an upward force is exerted on the diaphragm. If the
diaphragm fails to resist that force and moves upward,
IAP cannot appreciably increase. The closing of the glot-
tis (breath holding) so commonly described anecdotally
as occurring during weightlifting”-*%-%44748 g a5.
sumed to assist with the build up of intrathoracic pres-
sure (ITP). Closing the glottis may be an energy-efficient
method of passively assisting the diaphragm in the gen-
eration of IAP. It is also reasonable to suggest that a
significant passive resistance of the diaphragm due to
increased ITP requires that the volume within the tho-
racic cavity is maximized before attempts to increase
ITP,*! as is the case in the inhalation-hold breath pattern.
The exhalation-hold pattern uses a closed glottis but fails
to increase volume before the lift, whereas the inhala-
tion-exhalation pattern increases volume before the lift
but fails to close the glottis.

The findings of the present study suggest that future
studies seeking to decrease variability of IAP magnitude
data should control for the effects of breath. Findings
also demonstrate the feasibility of controlling IAP as an
independent variable during dynamic lifting tasks using
methods other than the Valsalva maneuver.

Timing

With the exception of two studies by Harman et a
all analyses of TAP data during lifting have been per-
formed without reference to the timing of critical me-
chanical events. The Harman et al studies***' did not
examine breath control and have methodologic differ-
ences with the present study that prevent direct compar-
ison of timing values.

1340,41

The present study suggests that although breath con-
trol affects magnitude of IAP, it does not influence the
timing of the peak IAP. However, the measure of timing
of IAP used in the present study based on a single peak
magnitude value may not be optimal. The degree of pre-
cision the body uses in IAP generation is unclear, but it is
possible that the body regulates IAP by a general strategy
of meeting or exceeding magnitude requirements over a
critical period. If this is the case, then only a threshold
value is required, and the search for meaningful differ-
ences in timing data based on the timing of peak IAP
magnitude values may not be useful.

H Conclusions

Voluntary methods of breath control are significantly
related to the magnitude of peak IAP during dynamic
lifting tasks with inhalation-hold creating values signifi-
cantly greater than exhalation-hold, inhalation-
exhalation, and natural breath. Natural and voluntary
methods of breath control are not significantly related to
the timing of peak IAP.

H Key Points

e Little is known about the relationship between
breath control and IAP magnitude or timing during
lifting tasks.

e Inhalation before the lift with holding of the
breath during the lift produces significantly greater
IAP magnitude than other forms of voluntary or
natural breath control.

e Breath control has no effect on the timing of peak
IAP during lifting tasks.

e Intra-abdominal pressure studies seeking to re-
duce variability will benefit from controlling for

breath.
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