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Abstract

Objective—To describe the effect of lifting maneuver and quantity of weight lifted on the 

generation of intra-abdominal pressure.

Study Design—Forty-one women undergoing urodynamic evaluation performed four lifting 

maneuvers, each while lifting 0, 2.5, 5, 10, and 15 kg. The lifting maneuvers were routine 

activities including squatting with and without assistance, lifting from a counter and receiving 

weight. Pressure was recorded with a rectal microtip catheter. Each lift was performed twice and 

the average pressure change was analyzed.

Results—Controlling for potential confounding variables, repeated-measures ANOVA revealed 

a significant interaction between lift weight and lift maneuver (p= <0.001). Squatting was 

associated with generation of higher intra-abdominal pressure than lifting from a counter or 

receiving weights into outstretched arms (p= <0.001). Lifting ≥2.5 kg resulted in significant 

changes in intra-abdominal pressure regardless of lift maneuver (p= <0.001).

Conclusions—Both lifting maneuver and quantity of weight should be considered when 

counseling patients regarding postoperative lifting.
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Introduction

Each year, over 200,000 surgeries are performed in the United States for the treatment of 

pelvic organ prolapse (POP).1 The estimated lifetime risk of having surgery for either POP 

or urinary incontinence up to 80 years of age is 11.1%.2 Unfortunately, re-operation rates 

approach 29%.2, 3 With the aging American population, the demand for the care of pelvic 

floor disorders has been projected to increase by 45% over the next 30 years.4 Given the 

significant prevalence of POP and imperfect surgical outcomes, we seek ways to decrease 

incidence, as well as prevent recurrence of pelvic floor disorders. Increased intra-abdominal 

pressure (IAP) has been suggested as a potential contributor to pelvic floor dysfunction.

It has been established that women who lift heavy weights on a daily basis are at higher risk 

of developing a pelvic floor disorder.5 Woodman et al. demonstrated occupation type to be 

highly associated with the development of POP. Laborers and factory workers were at 7.7 

times higher risk of developing POP when compared to all other professions.6 A study 

performed with a group of assistant nurses showed that these women have a 1.6 times higher 

risk of undergoing surgery for POP, as well as surgery for herniated lumbar discs.7 A study 

from Poland showed that the incidence of stress incontinence and POP increased with the 

weight of routinely lifted objects.8 It is postulated in these studies that chronic strenuous 

physical activity and heavy lifting leads to increased IAP. This pressure is transmitted to the 

pelvic floor muscles, nerves, and connective tissue and may lead to their injury, especially if 

performed chronically.

Unfortunately, unlike in orthopedics, pelvic floor muscles cannot be immobilized during the 

postoperative healing phase. The only way to protect the tissue from additional injury is to 

decrease the pressure in the abdominal cavity. This is why postoperative instructions after 

urogynecologic procedures are perceived to be important. Currently, urogynecologic 

postoperative instructions are empiric and inconsistent; it is unclear whether decreased 

lifting results in improved outcomes. Surgeons who perform reconstructive pelvic surgery 

typically develop their own instructions and recommended limitations.9 These instructions 

may be based on the surgeon’s educational background, experience, or “common sense,” 

however little scientific evidence is available to provide guidance. MacNeil interviewed four 

accomplished urogynecologic surgeons with varying approaches to postoperative activity 

instructions. These restrictions demonstrated a spectrum from imposing no limitations to 

strict weight based lifting restrictions. (MacNeil JS. Lifting and Exertion After Prolapse 

Surgery. OBGYN News 2007;42:23)

IAP changes associated with several common activities including lifting, jumping and 

coughing have been described.10,11,12 We sought to expand the current understanding of 

IAP generation by examining the relationship between weight lifting maneuver and quantity 

of weight lifted.
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Materials and Methods

Between December 2005 and July 2006, forty-one women presenting for urodynamic 

studies as part of their evaluation of urinary incontinence or POP participated. The study 

was approved by the University’s Institutional Review Board for Human Use and all 

participants signed informed consent. All eligible patients seen during this time frame were 

offered participation in the study. To be eligible, patients aged 19 to 65 years had to be 

capable of lifting 15 kg from the floor, have no history of a musculoskeletal, spinal, or 

extremity condition that would limit their lifting ability (i.e. prior surgery, injury or arthritis) 

or be experiencing pain in the neck, back, shoulders or legs.

Subjects first completed a pelvic floor symptoms questionnaire (Pelvic Organ Prolapse 

Distress Inventory, POPDI)13 and demographic information was extracted from the chart. 

Prior to performing urodynamics, POP was quantified using the POP-Q quantification 

system14 and pelvic floor muscle strength was assessed with digital palpation.15 Intra-

abdominal pressure was recorded using a transrectal microtip catheter (Millar® Houston, 

TX). Proper IAP transmission was tested with a cough test both prior to and after 

performing the lifting sequences.

The subjects performed four separate lifting maneuvers. The weight lifting maneuvers and 

the specific weights to be lifted were established after a physical therapy consultation to 

ensure that they were safe and applicable to common daily human activities. Maneuver A 

was rising from a squatting position characterized by flexing at the knees with a straight 

back while bringing the weight up to the level of the xiphoid bone (Squat). Maneuver B was 

the same as Maneuver A, however, one hand was placed on a hip high counter to assist the 

subject during the lift (Squat Assist). Maneuver C was lifting the weight off a hip high 

countertop (Counter). Maneuver D was receiving the weight into slightly bent outstretched 

arms while standing (Receive). (Figure 1)

Each maneuver was performed while lifting 0, 2.5, 5, 10 and 15 kg. Each maneuver/weight 

combination lift was repeated twice (40 total lifts). Lifting within each maneuver began with 

0 kg and was sequentially increased to 15 kg. The weights were contained in handled pails. 

The 0 kg lift was accomplished using an empty plastic milk jug. The average pressure 

increase in cm/H2O was used for data analysis.

Univariate analyses were conducted to identify variables, other than lift maneuver or lift 

weight, that could impact on IAP generation and create confounding. Natural-log 

transformation on the IAP outcome was performed to obtain a normal distribution. Normal 

probability plots of the residuals were examined to verify the effectiveness of the log 

transformation. Mixed-models repeated-measures ANOVA was performed across the 

different weights and lift maneuvers, while controlling for potential confounders. Interaction 

between lift maneuver and lift weight was examined. Tukey-Kramer Honestly Significant 

Difference identified differences in pressure generation between lift maneuver/lift weight 

groups, while adjusting for multiple comparisons.

A minimum sample size of 33 participants was calculated to identify an intra-abdominal 

pressure effect size of 5 cm/H20, a value chosen a priori as relevant, with a standard 
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deviation of 10 cm/H20 (based on prior pilot data). Statistical analysis was performed using 

JMP IN 5.1®.

Results

A total of 41 women participated in the study. Patients had a mean age of 52.7 ± 9.6 years 

(range 25–65), body mass index (BMI) of 28.6 ± 4.1 Kg/m2, and all participants were 

Caucasian.

An initial analysis was performed to identify clinical variables that could impact on the 

generation of IAP (Table 1). Variables found to be significant included age, waist-to-hip 

ratio, pelvic floor muscle strength, POP-Q point Ba, POP-Q point C, and total vaginal length 

(p= <0.05). To determine possible associations between lift maneuver, lift weight and IAP 

while controlling for the potential confounding by the above identified variables, a mixed 

linear model was fit to the data. Such an approach is a generalization of repeated measure 

analysis of covariance. Due to non-normality, a natural log transformation was performed to 

normalize the data.

A significant interaction between weight quantity and lift maneuver (p= <0.001) was found, 

such that the relationship between weight lifted and IAP depended on the specific maneuver 

being performed (Figure 2). Therefore, the most appropriate interpretation of IAP generation 

is based on the combination of weight lifted and lift maneuver. Significant increases in IAP 

were generated between lifting 15 kg and 5 kg or less with Squat, between 15 kg and 5 kg or 

less with Squat Assist, between 5 kg or more and 2.5 kg or less when lifting from a Counter 

and between 15 kg and 5 kg or less when Receiving weights (all p< .05; Figure 3).

Because the interaction displayed in Figure 2 indicates a quantitative interaction (i.e., the 

difference between IAP means generated by maneuvers differs based upon lift weight but 

the ranking of lift pressure means by maneuver remain constant across lift weight), we 

proceeded to examine univariate relationships. Initially, a univariate analysis was performed 

to evaluate differences in IAP generated by lift maneuver or lift weight separately. The 

amount of weight lifted produced different IAPs (p<0.0001), with lifting more than 2.5 kg 

resulting in significantly increased IAP. Similarly, IAPs generated by lift maneuver were 

also significantly different (p<0.0001). Specifically, using a squat maneuver with or without 

assistance (no significant difference between the two) was associated with the generation of 

the highest IAP, followed by lifting the weight from a counter. Receiving the weight 

generated the smallest increases in IAP.

Comment

Several studies have demonstrated the positive relationship between IAP and lifting weight/ 

load.10–12, 16 A positive relationship between IAP generation has been demonstrated by 

activation of the transverse abdominis muscle, as well as body lifting positions where the 

thighs meet the abdominal wall.11, 12 However, these studies were performed in men who 

may have different body and muscular compositions than women. Weir et al. studied IAP 

changes in healthy women while performing several activities; increases in IAP were also 

positively correlated with lifting weight.
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Our objective was to elucidate the role of both quantity of weight lifted and lifting maneuver 

on the generation of IAP. Our data demonstrates that IAP generation is intrinsically linked to 

both, as verified by a formal test of interaction. In fact, lifting 0 kg using the squat maneuver 

generated more intra-abdominal pressure than lifting 10 kg off a counter or receiving 15 kg 

into outstretched arms.

Gynecologic postoperative activity restrictions are inconsistent among surgeons and no 

literature exists to guide counseling on activity and weight lifting limits. Fitzgerald reported 

physician recommended activity restrictions ranging from 1 to 104 weeks duration and 

between 1 and 50 pounds in a survey of 287 gynecologic surgeons.9 Overly restrictive 

weight-lifting instructions are at risk of being ignored or impossible to follow, and delayed 

return to activities and work may cause unnecessary financial/social hardship. Furthermore, 

many unavoidable physiologic functions (breathing, coughing, walking, valsalva) are 

associated with increases in IAP.10

In light of the significant differences in IAP generation based on the combination of lifting 

maneuver and quantity of weight, we suggest that rather than assigning one specific weight 

lifting limit, we should counsel our patients to limit activities that have the greatest increases 

in IAP (ie. squat lifting), especially in combination with additional weight.

We hypothesized that using a hand on the counter to assist with squat lifting would lessen 

pressure transmission to the pelvic floor. However, no difference in IAP generation between 

lifting from a squat position with or without hand assistance was demonstrated. Thus, we no 

longer counsel women to preferentially use a squat assist maneuver. Based on the finding 

that lower IAP was generated using the Receive maneuver compared to the Squat maneuver, 

we counsel women to lift their children/grandchildren by having them handed over to them 

rather than lifting them from the ground. Hence, a much heavier child could be handled with 

the Receive maneuver, while still minimizing IAP generation in comparison to using the 

Squat maneuver.

Obesity has been demonstrated as a risk factor for the development of pelvic floor 

disorders,17 as well as being a condition associated with chronically increased IAP.18 It has 

been reported that the mean IAP in non-obese patients is 6.7 cm/H20, compared to 12.1 

cm/H20 in morbidly obese patients.19 Obesity may impact on the pelvic floor by the chronic 

state of increased pressure, and may explain the increased prevalence of stress urinary 

incontinence in these patients.20 In our analysis, BMI, height and weight were not 

significant determinants of IAP generation. However, waist-to-hip ratio was found to be a 

significant variable. Larger ratios were associated with higher pressure generation. Central 

adiposity may be a more sensitive measure of the effect obesity has on the generation of IAP 

than BMI itself.17

Strengths of this study include the controlled manner in which the weights were lifted, 

allowing for meaningful comparisons of IAP generation across the different lift maneuvers 

and weight amounts. The maneuvers were designed with attention to the functional 

applicability to routine human activities. Furthermore, an appropriate statistical correction 
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method (Tukey’s HSD) was employed to account for the multiple comparisons performed 

across weight amounts, lift maneuvers, and predictive factors.

One weakness of this study is that the order of lift maneuvers and weights lifted was not 

varied between or within subjects. To control for the effects of fatigue, it would have been 

ideal to vary these parameters randomly or systematically. However, the difficulties 

involved in guiding the participants through the various combinations of the 40 weight 

lifting repetitions made it logistically difficult to accomplish.

A potential weakness of the study is that subjects were presenting for care of pelvic floor 

disorders, which theoretically, could have affected the trans-rectal measurement of IAP. 

However, the majority of our subjects had Stage II POP or less (85.4%), which is consistent 

with published population POP prevalence studies.21 Analysis did demonstrate an effect of 

anterior vaginal wall position and vaginal apex in the generation of IAP, however there was 

no clear trend that advancing prolapse was associated with higher or lower pressure values. 

Furthermore, these factors were controlled for in the statistical model. Posterior wall 

prolapse was not a significant factor in IAP generation. The advantage of studying women 

with pelvic floor disorders is that they constitute the population of women to which the 

results should be generalizable. It is hoped that this information will be useful in 

determining the role of IAP generation in regards to activity restrictions and surgical 

durability.

Although we have demonstrated the role of lifting using several different maneuvers and 

weight quantities on the generation of IAP, the study design did not allow for comment on 

the physiologic effects of increased IAP on the pelvic floor musculature, nerves, or 

connective tissue. We are also not able to extrapolate this information with respect to impact 

on healing after surgery or the risk of POP recurrence after reconstructive pelvic surgery.

In conclusion, both lifting maneuver and quantity of weight should be considered when 

counseling patients regarding postoperative activity restrictions, however, it is unclear at this 

time whether this may impact on surgical outcomes. Studies are needed to more fully 

elucidate the mechanism between IAP and pelvic floor disorders.
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Figure 1. 
Lifting Maneuvers: Squat (A), Squat Assist (B), Counter (C), Receive (D)
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Figure 2. 
Interaction effect of weight lifting maneuver and quantity of weight on intraabdominal 

pressure generation
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Figure 3. 
Mean Intra-abdominal Pressure Increase (cm/H2O) categorized by Lift Maneuver and 

Weight Quantity (kg). Within each lifting maneuver category, the weight quantities between 

which a significant IAP increase was observed are delineated with symbols.
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Table 1

Subject Characteristics: relationship between parameters and intra-abdominal pressure generation

Characteristic Mean (SD) p-value

Age 52.73 (9.63) .0017

BMI (kg/m2) 28.64 (4.05) .1779

Waist-to-Hip Ratio .85 (.074) <.0001

POP-Q Point Ba (cm) −.39 (1.88) .0012

POP-Q Point Bp (cm) −1.63 (1.43) .3642

POP-Q Point C (cm) −6.19 (3.32) <.0001

Total Vaginal Length (cm) 9.62 (1.44) .0004

Pelvic Organ Prolapse Distress Inventory (POPDI, 0–300) 111.55 (62.36) .6641

Pubococcygeal Muscle Strength (graded 1–4) 2.32 (.69) .0026

POP-Q Stage: 0
  1
  2
  3
  4

4.9%
9.8%
70.7%
14.6%
0.0%

*

*
not analyzed
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