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Executive Summary 

For over 70 years observations have been made regarding the link between childcare work) 

and lower back pain and disorder (LBP/LBD) in women. During the same period of time, most 

commercial work places have introduced occupational safety and health (OSH) initiatives and 

manual handling (MH) guidelines and standards that have helped mitigate the risk of such 

workplace injuries. However, while the rate of LBD associated absenteeism has been reduced 

in male workers over recent decades, these rates for women have generally not declined; 

women 35–54 y are the sub-population with the greatest rate of absenteeism associated with 

non-specific LBD. Several decades ago, the (US) National Institute of Occupational Safety and 

Health (NIOSH) introduced the NIOSH Lifting Equation, a process of assessing lifting tasks to 

determine a recommended weight limit (RWL) for any lift with the aim of reducing the risk of 

lower back injury in MH work. Subsequently, these guidelines and practices have been applied 

by international OSH authorities to workplaces throughout the world. These procedures, 

however, are largely based on controlled and standardised lifting actions which are presented 

as gender neutral; with calculated lifting weights prescribed to be safe for 75% of healthy 

women and 90% of healthy men. It wasn’t until recently, that MacDonald et al. (2013) and 

Waters et al. (2014) presented their provisional RWL guide for pregnant women performing a 

symmetric lift, with the inclusion of gestational stage and pregnancy abdominal girth into the 

lifting equation.  

However, as helpful as these general guidelines intend to be, there are no other 

considerations for female anatomy or reproductive physiology or the work-life balance and 

range of care work experienced by many women, particularly those involved in CCW. It seems 

that the work place endeavours for mitigating back injury fail to take into consideration that 

women and men are not the same; their bodies are different, their physiology is different and 

in weight bearing activities, women’s actions and trunk motion strategies are different. There 

also seems to be a sex differentiation in the occurrence of lower back injury, with more 

apparent certainty in the tracing of cause/effect relationship among men than for women. 

LBP/LBD in women is often described as ‘non-specific’ and frequently linked to poor emotional 

wellbeing and other psychosocial factors.  

The majority of women (80%) will experience a transition in morphology due to pregnancy and 

motherhood; the core catalysts to this phenomenon being reproductive hormones and 

associated changes to female anthropometry. During their reproductive years (15-50 y), 

women’s bodies are constantly affected by hormonal fluctuations through the menstrual 

cycle, and during pregnancy and postpartum. Women’s bodies can be strong, but at certain 
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times, they can also be vulnerable. To date we know that serum relaxin may initiate joint 

laxity, which seems to be implicated in the high rate of sport-associated knee injuries in 

women. We also know that many women experience LBP/LBD through pregnancy and 

postpartum, but for all that we do know about the biomechanics of trunk loading, there is an 

abyss of research addressing ergonomics and back disorders specifically for women. 

Worldwide, LBP/LBD remains one of the greatest Global Burdens of Disease (WHO, 2016); the 

problem is clearly significant, but it is possible that the care-work paradigm of home based 

(domestic) CCW has become so normalised that society may be somewhat blinded to the 

obvious discrepancy. 

A better understanding of the work being performed when caring for young children and the 

implications for women’s lower back health, could ultimately reduce the cost of LBD to 

industry and health systems, and reduce the number of women living in pain. This thesis 

aimed to address the void of research in this area of women’s work-related health. In so doing, 

four studies focussed on aspects of the uniquely female anatomy and physiology that may 

perturb lower back strength and function during MH work. The research further tackled the 

obvious question of whether CCW is contributing to and/or exacerbating non-specific work 

associated LBP/LBD in nulligravida, primigravida and postpartum women.  

 

Study One  

Study One designed and piloted (n=22) a protocol for testing dynamic lower back strength and 

function in loaded trunk extension. This used a test-retest methodology, reproducing a lifting 

task common to CCW in which carers lower a child to a surface, hold a static flexed posture for 

a period of time before grasping and lifting the child through the arc of extension into upright 

stance. The test took into consideration the duration of held flexed posture, testing five 

‘fatigue’ periods (0, 30, 60, 90, 120 s), while also mitigating the risk of LBD to the female 

participants. Isokinetic dynamometry was used so that movement speed could be controlled 

and efficiently reproduced for the participants in the ensuing three studies. The test-retest 

procedure was commenced with participants performing two minimal effort trunk extension 

cycles, followed by three maximum effort trunk extensions, then flexing to hold a static 

posture at 25° trunk flexion. The subsequent ‘post-fatigue’ re-test repeated this cycle 

immediately thereafter.  

The results led to a standardised methodology by adopting a 60 s static flexed posture. 

Primary outcome variables of peak strength (Nm/kg) and work capacity (J/kg) were collected 

for the three extension efforts, comparing the mean scores from pre- and post-fatigue 
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maximum effort sets. The results also indicated a decline in group post-fatigue lower back 

strength and function in all static posture conditions, however, 60 s was chosen because it was 

relevant (in regard to performance of typical CCW activities), applicable and time efficient. 

 

Studies Two, Three and Four  

Studies Two, Three and Four observed the unique characteristics of women at differing phases 

of their lives – never pregnant, first pregnancy and first postpartum – at which times, factors 

that are specific to women may affect the risk of LBP/LBD. These studies all utilised the same 

protocol for assessing dynamic back strength and function as the primary outcome variables. 

The aim of these studies was to examine changes in back strength and function over three test 

sessions assessing for temporal associations with serum relaxin and other changes in 

morphology including trunk girths, lordosis and abdominal diastasis. The protocol also 

included participant qualitative responses to perceptions of mental and physical wellbeing as 

well as LBP/LBD. Study Two examined nulligravida women (n=21) at three time points during 

the menstrual cycle – menses/follicular, ovulation and luteal phases. Study Three examined a 

group (n=10) of primigravida women at 8-12 weeks, 13-24 weeks and 25-32 weeks gestation.  

Study Four examined the postpartum women (n=6) who were also participants in the previous 

pregnancy study. This study followed participants through three sessions, 8-16 weeks, 17-25 

weeks and 26-34 weeks post-birth. Although this postpartum study repeated the same 

protocol, we did not collect serum relaxin samples because at the time of commencing the 

test series, most participants had been prescribed oral contraception. Diaries were recorded 

at each of the test sessions for all participants and the information gathered for four women 

were presented as a series of case studies.  

 

Results 

In Study Two (nulligravida women), no statistically significant change (p>0.05) in group lower 

back strength or function occurred through the phases of the menstrual cycle, but the 

individual results were broad ranging and presented the possibility of a grouped ethnic 

influence on concentrations of serum relaxin and associated responses in lower back strength 

and function.  Study Three (primigravida women) revealed evidence of a clinical level of 

impairment in back strength and function in the first trimester for some participants with 

some short-term, but significant LBP (p<0.05) coinciding with significant changes (p<0.001) in 

serum relaxin concentrations. Changes in trunk girths, body weight and a general awareness of 

LBD also affected an individual’s ability to perform the final strength test with confidence.  
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Study Four (postpartum), revealed that even though all births were vaginal and 

uncomplicated, healthy lower back strength and function was not restored within 8 weeks of 

parturition, as might have been expected. The data further revealed that, by the second test 

session, a clinically meaningful deterioration occurred in dynamic trunk strength and, by about 

34 weeks post-birth, poor resolution of lower back strength and function remained for half the 

participants. For some, LBP/LBD heightened over time, thereby putting into question the 

general belief that a training effect occurs for muscle strength of the operator simultaneously 

with physical development and increasing weight of the infant/load.   

 

Conclusions 

This thesis comprised a series of studies enlisting several scientific disciplines to establish a 

broad understanding of the ergonomic factors relating to women performing the manual 

handling work of child care. Although the participant samples were relatively small, there 

were key outcomes that are applicable to women involved with domestic and commercial 

CCW as well as general MH. The studies revealed there is potential for reduced lower back 

strength and function in women for a few days during or following ovulation which may 

increase the risk of lower back injury. Pregnant women may be at greater risk of LBD during 

the first trimester of pregnancy and should be aware of this possibility. The onset of LBP/LBD 

during this time could create an ongoing LBD that may be controlled if women understand the 

potential implications for trunk loading, particularly women who are mothers of young 

children and in a second or subsequent pregnancy.  Postpartum women need to be aware that 

the expectation of a 6-8 week recovery of full function is erroneous for many, and that load 

bearing work or exercise may increase their risk of acute and chronic LBD.  

This research does not intend to profile women as physically or emotionally frail, but 

highlights the importance of differentiating the genders in matters of loadbearing work and 

OSH, noting that women at times may be more vulnerable to LBD than they normally would 

be. Furthermore, much of the equipment designed for use in domestic CCW is not helping to 

mitigate lower back injury; it could be exacerbating it. This area of ergonomics clearly requires 

further research exploring the relationship between female reproductive hormones and spinal 

joint laxity, changing morphology and the biomechanical implications for trunk loading work. It 

is strongly recommended that strategic research and development be undertaken for 

improving domestic CCW equipment design and education for International Standards, 

manufacturers associations and safe operator systems of work. 
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CHAPTER ONE 

 
INTRODUCTION 

 

There is a fundamental contradiction in the occupational safety and health literature related to 

manual handling (MH) work that, for decades, has been observed but not recognised. This is the 

paradox between the diligence for mitigating the risk of back injury within commercial work 

places (International Labour Office (ILO), 2001; National Institute for Occupational Safety and 

Health (NIOSH), 2004; Australia Safety and Compensation Council (ASCC 2, 3) 2007; European 

Agency for Safety and Health (EASH), 2007), as opposed to the lack of quantified examination of 

back injury risk in domestic childcare work (CCW). Although the traditional perception of MH 

doesn’t immediately evoke imagery of caring for a young child, in both the commercial 

(Hostetler, 1984; Brown & Gerberich, 1993; Gratz et al., 2002; King et al., 2006) and the domestic 

environments, CCW has endured a long association with lower back pain (LBP) and disorders 

(LBD). This work is mostly undertaken by women; the hours are long; the central load is a young 

child, and the physical handling is frequently reactive and awkward (Nichols & Grieve, 1992; 

Bright & Collabro, 1999; Griffen & Price, 2000; Carlson et al., 2003; Sanders & Morse 2005; Craig, 

2007; McGovan et al., 2007; Habib et al., 2010; Stewart, 2010; Vincent & Hocking, 2013; Labaj 

et al., 2019). 

LBD is the leading single cause of work place sick leave across industrialised nations (ILO, 2013; 

Global Burden of Disease (GBD), WHO, 2016). The majority of work place LBD has no single 

cause, and is frequently categorised as “work-related” and “non-specific” (McGill, 1997; Kumar, 

2001; Marras et al., 2001; Armstrong & Messing, 2014); and women aged 35-54 y are the 

population group with the most LBD-related work place absenteeism (ASCC 1, 2007; EASH, 2007; 

ILO, 2013; United Kingdom Labour Force (UKLF), 2016; WHO 2016). There are possibly many 

reasons for the high rate of LBD in women as opposed to men; however, due to the often non-

specific nature of LBP/LBD in women, the common factors include low socioeconomic level, 

obesity, smoking, depression and anxiety, heightened pain perception and catastrophising pain 

(Tsuji et al., 2006; Fillingim et al., 2009; Olsson et al., 2012, Wang et al., 2016). While some of 

these variables may be valid, there are many potential perturbations to lower back health 

intrinsic to women, which have rarely been investigated (Hoogendoorn & van Poppel et. al., 

1999; Lein-Arjas & Solovieve et. al., 2004; Armstrong & Messing, 2014). Women’s bodies are 

anatomically, physiologically, and in many respects, biomechanically different to men (Marras 

et al., 2001; Plamondon et al., 2014; Ritz, et al., 2014; Srinivasan, 2016); and their bodies are 

influenced constantly by the rise and fall of reproductive hormones. Furthermore, although 
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there is a greater predisposition among women than men, for sport and work-associated 

sprain/strain and lower back injuries (Shultz et al., 2005; Dragoo et al., 2006; Shultz et al., 2012), 

to date, all industry based manual work practices and guidelines have evolved from a gender 

neutral foundation (Armstrong & Messing, 2014; Marras et al., 2014; MacDonald, et al., 2015). 

During pregnancy and early motherhood, 30-50% of women will experience LBP, a health 

problem so common it is taken for granted (Fast et al., 1987; Ostgaard et al., 1997; Carlson et 

al., 2003). Ironically though, purpose-built furniture and equipment used in domestic child care, 

has for over 60 y remained bereft of strategic design policies to mitigate back injury risk for 

carers (workers); a situation which would not be tolerated in an industrial work place.  

Furthermore, research into women and this ubiquitous manual-work is sparse, with the relative 

few ergonomics investigations into domestic childcare mostly using observational protocols and 

participant self-reporting. Sanders & Morse (2005) suggested that in the United States, the lack 

of ergonomics research in this area is likely due to few funding incentives for “non-work” related 

settings. In general, it seems this ubiquitous care-work paradigm of child care and LBD, has 

become so normalised in the mothers and carers, that society may be somewhat blinded to the 

obvious dichotomy (Figure 1.1). 

 

 

 

Figure 1.1 Examples of common images contrasting acceptable work postures in the work place 
compared to the home. (images: https://www.pinterest.com.au/clintcachia/ohs/ 
https://www.mydoorsign.com/diaper-station-bathroom-signs. 2018) 
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In 2001, the ILO-OSH Introduction to Guidelines on OSH Management Policy (2001, p 1) stated: 

“Employers and competent national institutions are accountable for and have a duty to organize 

measures designed to ensure occupational safety and health”. Understanding the work being 

performed in caring for young children and the implications for women’s lower back health, 

could ultimately reduce the cost of LBD to industry and health systems, and reduce the number 

of women living in pain. This thesis will investigate a lifting action common to CCW which may 

be augmenting the potential for LBD and/or could be adapted to minimise future risk of work-

associated LBD for women. In so doing, this research will examine if there are aspects of female 

anatomy and physiology that may perturb lower back strength and function during the 

menstrual cycle, pregnancy and postpartum and, therefore, further elevate the risk of LBD in 

women performing awkward handling work. 

 

Statement of the Problem 

Eighty percent of women will experience pregnancy and motherhood and be involved in the 

convoluted load-bearing work of caring for young children. Currently, there is no national or 

international institution overseeing duty of care or accountability for the Occupational Safety 

and Health (OSH) of women performing domestic CCW. Although there is an abundance of 

medical and remedial approaches to diagnose, treat and reduce the limitations imposed by LBD, 

the global burden of women afflicted by this insidious health issue is growing (GBD, 2016). There 

is simply not enough known about the unique characteristics that may influence this disorder in 

women; and not enough known about the ergonomic components of domestic CCW that likely 

play a role in facilitating work-associated LBD. These areas of research need to be addressed to 

further our understanding of the potential confounding factors to lower back health in women. 

Such an understanding may highlight strategies where this LBD can be successfully managed or 

avoided altogether. 

 

Thesis Aims, Hypotheses and Outline 

The primary aim of this thesis was to examine anatomical and physiological factors that might 

contribute to an increased risk of work-related LBD in nulligravida, pregnant and postpartum 

women. In order to effectively apply the findings to real life situations, this research also 

developed and used a protocol for testing dynamic back strength and function, replicating a 

loaded trunk extension/lifting task that is used frequently in CCW. Following Chapter Two 

Review of Literature and Chapter Three Methodology, the thesis contains four studies (Chapters 

Four to Seven) exploring key components of the research program and, together, creating a 
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wide-ranging examination of women, ergonomics and work related back disorder. Outlined 

below are the details for each of the chapters.  

 

Chapter Two – Review of Literature 

This chapter reviews the literature on aspects of sexual dimorphism in manual work; anatomical 

differences between men and women; and the impact of the hormone, serum relaxin, on female 

physiology. It addressed the management of MH tasks, work-related LBD, and variables that may 

implicate the biomechanical competency for lower back strength (peak strength) and function 

(work capacity) in loaded trunk extension. The review also observed the psychosocial and 

ergonomic considerations of women in work and contemporary CCW.  

 

Chapter Three – Methods 

This chapter presents details of test procedures, data collection protocols, and statistical 

analyses which were replicated through the four test/data-collection studies.   

 

Chapter Four – Study One: “A pilot study to establish a protocol for assessing dynamic lower 

back strength and function in women performing a symmetric, sagittal plane lift”  

Aim:  To establish a safe (mitigating risk of LBD) and efficient test methodology to measure lower 

back strength and function in dynamic trunk extension following a fatiguing protocol – a 

prolonged period of held static trunk flexion posture. 

Hypothesis: Changes in lower back strength and function during trunk extension will vary in 

response to differing durations of static trunk flexion posture held at 25o from upright stance. 

This information was then used to develop the protocol measuring dynamic low back strength 

and function for nulligravida, primigravida and postpartum, through the subsequent studies. 

 

Chapter Five – Study Two: “Dynamic lower back strength and function across the menstrual 

cycle in nulligravida women performing a common lifting task”  

Aims:  

• To determine if there are deficits in dynamic lower back strength and function 

following a period of static trunk flexion posture  

• To determine if the outcomes of dynamic lower back strength and function change 

through three phases of the menstrual cycle (Menses/Follicular, Ovulation, Luteal) 
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• To determine if the outcomes of dynamic lower back strength and function change 

with variations in serum relaxin, lordosis, trunk girths or perceived mental and physical 

health  

This study will also provide control (non-pregnant women) data for comparison with the 

studies presented in Chapters Six (pregnant women) and Seven (postpartum women). 

Hypotheses: There will be observed deficits in dynamic lower back strength and function in 

nulligravida women resulting from a period of held flexed posture. These deficits will be 

temporally associated with changes in menstrual phase, levels of serum relaxin, lordosis and 

perceived mental and physical health.  

 

Chapter Six – Study Three: “Dynamic lower back strength and function in primigravida women 

performing a common lifting task”  

Aims:  

• To determine if there are deficits in dynamic lower back strength and function following 

a period of static trunk flexion posture  

• To determine if the outcomes of dynamic lower back strength and function change 

through three phases of pregnancy (trimesters 1-3) 

• To determine if the outcomes of dynamic lower back strength and function change with 

variations in serum relaxin, lordosis, trunk girths or perceived mental and physical health  

Hypothesis: Lower back strength and function will reduce over the course of pregnancy, and 

that changes in strength and function will demonstrate temporal association with other 

measured variables intrinsic to female physiology, physicality and psychosocial health during 

pregnancy.  

 

Chapter Seven – Study Four: “Dynamic lower back strength and function in postpartum women 

performing a common lifting task”  

Aims:  

• To determine if there are deficits in dynamic lower back strength and function following 

a period of static trunk flexion posture  

• To determine if the outcomes of dynamic lower back strength and function change 

through three time periods between 8-34 weeks postpartum  

• To determine if the outcomes of dynamic lower back strength and function change with 

variations in lordosis, trunk girths or perceived mental and physical health  

Hypothesis: There will be deficits in dynamic lower back strength and function in postpartum 

women resulting from a period of held flexed posture. These deficits will be temporally 
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associated with changes in trunk girths, lordosis, abdominal diastasis, weight and perceived 

mental and physical health through three periods of postpartum recovery in women following 

the birth of their first child. This chapter also provides case studies that monitor the progress of 

four women through from early pregnancy to 34 weeks postpartum.  

 

Chapter Eight – Summary and Conclusions  

This Chapter provides comparison, contrast and synthesis of the four study outcomes with 

respect to the aims of this thesis. The chapter will also provide some implications for OSH 

practice, and directions for future research. 

 

Significance of the Research  

It is likely that women who are working in the domestic environment with babies and young 

children are incurring preventable damage to lower back structural tissues, which upon 

returning to work, may increase some individual’s susceptibility to more serious and/or long 

term LBD. The outcomes from this research program may be used to develop key directions for 

reducing the risk of LBD associated with CCW and other load bearing activities involving women. 

The findings will provide valuable information about women’s lower back health; direction for 

MH work places, equipment designers and standards authorities; and education for women 

about minimising personal risks of LBD that perhaps have not been previously considered. 
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CHAPTER TWO 

 
LITERATURE REVIEW 

 

BACKGROUND 

The human lumbar spine is a complex structure reinforcing stability of the trunk in upright stance 

while optimising motion and load bearing activities of everyday life. The sophistication of its 

design is the result of a million years of evolutionary adaption from Homo Erectus to Homo 

Sapiens (Niemitz, 2010); a purpose driven, sex differentiation of anatomy and physiology 

supporting the principal male and female roles for survival of the species; hunting, gathering 

and reproduction (Washburn, 1950; Bailey et al., 2016). In the much more recent past, the 

relatively rapid emergence of modern industrialisation affected a swift change in the human 

interface of living and work habits (WHO, 1995; ILO, 2007), and consequently, has also imposed 

altered mechanical demands on the human body. Associated with this progress has been a rapid 

rise in work-related musculoskeletal disorders (MSD), the most detrimental and pervasive being 

LBD (WHO, 1995; Kumar, 2001; GBD, 2016).  In the past century, the overwhelming personal, 

work place and increasing society cost of LBD have heightened the need for accountability, 

research and subsequent change in work place practices. Authorities such as the International 

Standards Organisation (ISO) founded in 1947, and the National Institute of Occupational Safety 

and Health (NIOSH) established in the U.S.A. in 1970, now drive the direction of work place task 

and equipment design standards, with the common goal of injury risk mitigation. However, the 

female dominated CCW has for decades provided overwhelming evidence of “non-specific”, but 

work-associated, LBP/LBD in women (Hostetler, 1984; Owen, 1995; King et al., 1996; Bright & 

Calabro, 1999; Griffin & Price, 2000; Gratz et al., 2002; Sanders & Morse, 2005; King et al., 2006; 

Stewart, 2010; Vincent & Hocking, 2013; Labaj et al., 2019). Despite this, generations of habit, 

assumption and placation have filled the void left by the lack of specific research (Sanders & 

Morse, 2005; Stewart, 2010; Habib & Messing, 2012; Vincent & Hocking, 2012; Armstrong & 

Messing, 2014). 

As there are few published studies that have broached the unabridged complexities of women 

in MH work, this review of literature is less of an analysis of available research, and more an 

overview and synthesis of a range of scientific and psychosocial disciplines that present 

perspective for the contemporary female work-life experience. Consequently, to fully 

understand the elements that may give rise to the high rate of LBD in women, it is fundamental 
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to start this review with a synopsis of the relevant factors involved in contemporary load bearing 

work.  

 

SEX-SPECIFIC FUNCTIONAL ANATOMY OF THE LOWER BACK AND PELVIS 

From puberty, the two sexes develop with obvious morphological and functional differences; in 

general men are taller, bigger boned, able to develop larger muscle mass and are stronger than 

women (Pheasant, 1998; Marras et al., 2002; Hooftman et al., 2009; Deering et al., 2017). What’s 

not so obvious between men and women are the subtle differences in the musculoskeletal 

system; in particular the lumbar spine and pelvic girdle, with the shape and function in women 

distinguished by the imperative of childbearing (Smith et al., 2002; Jelen et al., 2012; Huseynov 

et al., 2015). The following descriptive section is a summary of various functional anatomy texts 

(Fawcett, 1938; Gray, 1973; Flander, 1978; Knussman & Finke, 1980; Gilsanz et al., 1994; Nieves 

et al., 2005, Listi & Bassett, 2006; Allbright, 2007; Janssen, et al., 2009; Bogkuk, 2012; Jelen et 

al., 2012; Bailey et al., 2016). 

 

Bony Structures of the Pelvis and Lumbar Spine 

The size, shape and forward-tilt of the pelvis fundamentally differentiates the female from the 

male skeleton. More specifically, in women, the splayed ilium lobes are lower and more laterally 

directed, the sacrum is more broad but shorter, the pubis bones are longer and narrower and 

the pelvic cavity is a larger more circular shape than men’s (Figure 2.1).   

 

 

Figure 2.1. Illustration of the typical female (A) and male (B) component bones of the pelvis and sacrum 
(via. google search images: https://googlegroups.com/site/thehumanskeletalsystemiscool/sex--based-
differences/pelvis. 2018)  

A B 
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The pelvic structures provide stability and strength for the trunk, and the foundation for the 

spinal column, together enabling upright stance and bipedal locomotion. Significantly though, 

sex differentiation in function elicits greater mobility of the sacro-iliac and symphysis pubis 

joints, in women than in men, accommodating for the imperative of expansion during pregnancy 

and parturition. As a result of the females’ greater pelvic width, their femurs are more obliquely 

oriented than men, and the size, shape and direction of the articulating surface of the first sacral 

segment in women, influences a more anterior curve of the lumbar spine (lower back).  

Lumbar vertebrae and intervertebral joints 

Further to these distinctions, research driven by the need for more comprehensive forensic 

identification has revealed that lumbar vertebrae in women are an average 25% smaller than 

those of men, which given the relative body sizes, isn’t an unexpected result. Indeed, the lumbar 

vertebrae in women are the most sexually dimorphic in the spinal column. Regardless of this, 

there seems to be a sex-neutral approach to the description of spinal anatomy in most texts, 

with the following presenting a brief overview.  

The five lumbar vertebrae are designed to biomechanically accommodate load bearing while 

optimising and securing the versatility of trunk motion. As with all 24 of the separate, motional 

vertebrae above the sacrum, the lumbar vertebrae have three specific functional components 

shaped to occupy a specific articulating position between the vertebra above and below (Figure 

2.2).   

• The anterior aspect is formed by the bony vertebral body and complex spongy 

intervertebral disc, together fulfilling the weight bearing function of the vertebra; 

buoying the upper body in upright stance, while allowing multidirectional motion; 

rotation, translation, and sagittal and lateral trunk flexion.  

• The pedicles, creating the mid-way arching between the vertebral body and posterior 

aspects of the vertebra, together form the foramen for the spinal cord and function as 

a harness for intervertebral ligaments and muscles; transmitting muscle impulses from 

the spinal muscle action to joint motion. 

• The posterior elements are an irregular complex of bone providing shape for bi-lateral 

muscle and ligament attachments onto the central spinous process. The two lateral 

bony arms (mamillary processes) and four lateral, superior and inferior articular 

processes, form the basis to four synovial joints (zygapophysial joints), structures that 

maximise strength in motion and held trunk flexion resisting frontal “slippage” of the 

vertebra.  
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The articulating surfaces between the vertebra, as with all the body’s joints, are lined in cartilage 

and bound by ligaments (Figures 2.2, 2.3), both structures of which are constructed largely from 

collagen. Bonded collagen strands accommodate both tension and compression and the 

elasticity, tensile density, shape and function of ligaments is strongest when force is applied in 

the same direction as the strands of collagen that contribute to the structure. Spinal ligaments 

are also reported to have a rich supply of blood vessels and nerves. 

 

Intervertebral ligaments  

The two largest spinal ligaments, the anterior and posterior longitudinal ligaments, connect all 

the vertebral bodies throughout the spinal column. These ligaments attach to the bony ridge of 

the vertebral bodies and knit with the outer layer of ligament tissues surrounding the 

intervertebral discs (annuli fibrosus). The annulus fibrosus encapsulates the disc and connects 

into the circumference of the two vertebral bodies it joins. These three ligaments combine to 

provide strength and stretch, resisting sliding while allowing rotation and translation/flexion 

motions of the joint. The annulus fibrosus and anterior longitudinal ligaments also resist frontal 

bowing of the lumbar spine.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2. Illustration of the typical structure of lumbar vertebra (A) and intervertebral joints with 
lateral (B) and posterior (C) aspects of articulating joint surfaces 
(https://emedicine.medscape.com/article. 2018)  

B C

A

https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwin5LzLn8neAhULVH0KHfXbAmUQjRx6BAgBEAU&url=https://emedicine.medscape.com/article/1899031-overview&psig=AOvVaw0kgvzz2SFeQpLWPt-tKLP1&ust=1541919406711378
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Lining the foramen is the ligamentum flavum, smooth broad sheeted highly elastic tissue that 

differs from other ligaments because of its ratio of only 20% collagen to 80% elastin. The 

ligamentum flavum connects between the lamina of adjoining vertebra and creates a “shield” 

for the anterior of the zygapophysial joints (Figure 2.3). The elastic nature of this ligament resists 

excess separation between adjoining laminae and potential entrapment of nerve tissue. Because 

this is a highly elastic tissue however, the strength of its action is uncertain. 

The four posterior joints (zygapophysial joints) are further supported by the interspinous 

ligaments running diagonally between the spinous processes of the vertebra, but becoming 

more elastic around the junction of the ligamentum flavum; the three-layers of supraspinous, 

with the deepest layer being the strongest component; and the interspinous of which along with 

the two outer bands of the supraspinous, reportedly provide little resistance to lumbar flexion 

motions. A series of collagenous connective tissues including intertransverse, mamillo-accessory 

and transforaminal ligaments further protect contents of the foramen, and contribute to motion 

control and dispersion of biomechanical forces. A complex arrangement of iliolumbar ligaments 

then connects the fifth lumbar vertebra to the sacrum and the internal aspects of the ilium, 

creating a secure adhesion between the spine and the pelvis. 

 

Muscles of the Lower Back and Trunk  

Muscles of the lower back include some of the smallest and largest muscles of the body and 

together with the abdominal and pelvic floor muscle groups, encase and provide strength and 

motional drive to the trunk (Figure 2.4, 2.5, 2.6). These muscle groups and their fascia all have 

attachment to either the anterior, lateral or posterior aspects of the vertebra of the lumbar 

spines. Their structure and actions are summarised in the following section. 

Figure 2.3. Illustration of the lumbar vertebra joint structure and range of intervertebral ligaments 
(www.accessphysiotherapy.com. 2018) 
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Posterior lumbar spine (three layers) 

• The deepest and smallest of the spinal muscles (Intertransverse and Interspinalis) are 

attached directly between the vertebral structures. These muscles support rotational 

movement of the vertebra but are small and positioned so close to the axis of motion, 

they contribute only marginal force to spinal mobility.  

• The intermediate layer comprises mainly the multifidus muscle group. Multifidus is a 

series of strong muscles arranged in layers which originate from tendon attachments on 

both sides of each lumbar spinous process and insert into the mamillary process of the 

subsequent lower level vertebra and ultimately the iliac crest and sacrum. The 

multifidus can initiate and drive rotation and extension movements of the trunk, as well 

as oppose or control the actions of abdominal muscles in flexion and rotation.  

• The lumbar erector spinae, positioned laterally to the multifidus group, make up the 

superficial layer of posterior trunk muscles. The two long convoluted muscles, 

longissimus and iliocostalis, both have portions originating in the thorax, either from the 

ribs or vertebra, as well as fascicles of muscle originating from each of the lumbar 

vertebra. These muscles are kept separated by a broad sheet of fascia - the lumbar 

intermuscular aponeurosis, which in turn inserts directly into the iliac crest and posterior 

superior iliac spine. These muscles also help maintain upright posture, support the 

actions of multifidus in trunk extension, assist in control of sagittal flexion and support 

lateral trunk flexion, and may have some influence on lumbar lordosis. These structures 

are protected by broad sheets of tendinous tissues of the erector spinae aponeurosis 

and the thoracolumbar fascia.  

 

Lateral lumbar spine 

Quadratus lumborum is a broad, laterally positioned muscle consisting of three layers, all 

originating from the 12th rib and connect the 12th thoracic and lumbar vertebrae 1-4 to the iliac 

crest. This muscle supports lateral trunk flexion and has a minor role in rotation and extension 

of the trunk.  

Anterior lumbar spine 

The psoas major is the most anterior of the lumbar spinal muscles. This long muscle originates 

from the transverse processes of the lumbar vertebra and the intervertebral discs, then 

descends over the pelvis to insert into the lesser trochanter of the femur. The primary action of 

the psoas major is thigh flexion, with only a minor influence on lumbar flexion. However, 

because of the robustness and proximity of the psoas muscles to the lower lumbar region, there 



13 
 

is a potential for large compression forces to be applied to the lower lumbar and lumbo-sacral 

regions during actions like held flexed posture, sit-ups or leg raises.  

Abdominal muscles 

Trunk function is completed by the four layers of abdominal muscles connected anteriorly by 

the linea alba (Figure 2.6) (formed by overlapping fascia of abdominal muscle) and extending 

between the xiphoid process and pubic symphysis. The abdominal muscles initiate trunk flexion, 

assist in trunk rotation and provide tension from which intra-abdominal pressure is supported. 

The deep bilateral transverse abdominal muscles (Figures 2.5, 2.6) and the multifidus muscles 

of the lumbar spine are also responsible for stiffening the spine during upright stance and 

bracing the trunk in postural adjustment.  

 

Figure 2.4. Illustration of the layered erector spinae muscles (via. google search images: 
https://www.pinterest.com.au/pin/328762841532048146/. 2018) 
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Fascia  

The thoracolumbar fascia has three layers. The anterior layer (deepest) covers the surface of 

quadratus lumborum muscle (as an extension of that muscle complex) and attaches to the 

intertransverse ligaments of the vertebra. The middle layer, which is situated behind the 

quadratus lumborum, provides the aponeurosis of the transversus abdominus and the 

harnessing of it to the vertebra. The posterior (superficial) layer attached to the vertebral spines 

covers the posterior trunk muscles from the thorax to the sacrum, and provides attachment for 

the internal obliques and continues laterally to join with the two deeper tissue sheets to connect 

Figure 2.5. Illustration of the anterior lumbar spine anatomy. (via: google search images, 
https://www.pinterest.com.au/pin/782781978952433232. 2018) 

Figure 2.6. Illustration of the layered abdominal muscles (via. google search images: 
https://diagramchartspedia.com/muscles-of-the-lower-abdomen/muscles-of-the-lower-abdomen-
muscles-of-the-lower-abdomen-anatomy-inner-body/. 2018) 

https://diagramchartspedia.com/muscles-of-the-lower-abdomen/muscles-of-the-lower-abdomen-muscles-of-the-lower-abdomen-anatomy-inner-body/
https://diagramchartspedia.com/muscles-of-the-lower-abdomen/muscles-of-the-lower-abdomen-muscles-of-the-lower-abdomen-anatomy-inner-body/
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into the latissimus dorsi. This comprehensive shield of collagenous tissues, protects the muscles 

of the lower trunk, harnesses the superficial latissimus dorsi and anchors the transverse 

abdominis and internal obliques of the abdomen to the lumbar spine.  

The pelvic floor 

This brief discussion of the pelvic floor musculature is included because of its relationship with 

LBD in women. (This review of the pelvic floor in women was compiled from papers by: Campeau 

et al., 2011; Jelen et al., 2012; Hsu et al., 2017; Rizvi, 2018). The soft tissue of the female pelvic 

floor is a complex arrangement of muscle and ligament structures, anchored between the pelvic 

bones, symphysis pubis and the sacrum; and along with reinforcing optimised trunk 

biomechanics through intra-abdominal pressure, the female pelvic floor harbours the urethra, 

vagina and anal sphincter. Associated with these structures and function, is women’s natural 

“predisposition” to pelvic floor disorders and dysfunction. Weak pelvic floor muscle, increased 

weight, pregnancy, vaginal births, episiotomy and increasing age are common precursors to 

pelvic floor muscle insufficiency. And with the weakening of the pelvic floor (experienced by up 

to 50% of women) mechanical inefficiency of trunk loading stresses, can manifest disorders of 

urinary and/or faecal incontinence and vaginal and/or rectal prolapsing, outcomes of which in 

turn exacerbate the biomechanical implications for the trunk in motion and LBP/LBD.  

Collagen 

This review of collagen and its function was compiled from papers by: Gelse et al., 2003; 

Simmonds & Keer, 2007; Houssain & Bathgate, 2008; Shoulders & Raines, 2009; Hugon-Rodin 

et al., 2011; Malfait et al., 2007; Chang & Buehler, 2014; Dehghan et al., 2014; Shultz, 2017. 

Collagen is a highly developed and versatile material that builds the biological scaffold of all 

structural tissues and organs in the human body. There are at least 20 various collagen matrixes 

of which, depending on functional and biological requirements, either singularly or combined, 

generate up to 80% of individualised tissue components. Produced from polypeptide protein, 

collagen molecules follow a self-perpetuating cycle of synthesis and degradation, a biochemical 

response that is stimulated by physical activity, and regulated by “relaxin”, a family of peptide-

hormones that amongst numerous roles affect the process of collagen turnover. Collagen types 

“I” and “II” are the primary components of ligaments, tendons, fascia and cartilage of the 

intervertebral joints. Formed into fibrils, then bonded “triple helix” strands (nanoscale ropes), 

this collagen tissue base provides the tensile density, elasticity, strength, shape and function 

that accommodate conditions of tension and compression fundamental to the biomechanical 

efficiency of load bearing in the lumbar spine. The structural integrity of these collagenous 

tissues can be made inadequate however, as a result of physiological or biochemical 
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perturbations, mechanical over-use issues, disease manifestations and genetic disorders such as 

Ehlers-Danlos syndrome, a condition mostly suffered by women, which obstructs the efficient 

development of collagen strands. This disorder interrupts biomechanical efficiency with 

symptoms made worse in women between puberty and menopause, an outcome also common 

to other hypermobility syndromes. Although these disorders are limited to perhaps 1 in 5,000 

women, naturally during the fertile years ever-changing levels of reproductive hormones, 

estrogen, progesterone and serum relaxin, intermittently manipulate the structural integrity of 

collagens “I”, “II” and “XI”. This manifestation may contribute to protracted episodes of 

weakened musculoskeletal tissue, particularly tendons and ligaments, an occurrence frequently 

observed in women but uncommon in men.  

 

THE TRUNK AT WORK  

With support from the stable base of the pelvis, the primary strength and functional purpose of 

the lumbar spine is to manage weight bearing postures; and even in motionless, balanced 

upright stance, the mechanics of the trunk are still at work. The following section is compiled 

from readings in functional anatomy, biomechanics and physiotherapy (Marras et al., 2002; 

Roussouly et al., 2005; Arjmand & Shirazi-Adl, 2006; Janssen et al., 2009; Bogduk, 2012; Hay et 

al., 2015; MacDonald et al., 2015; Bailey et al., 2016). 

 

Trunk Movements and Motion 

Fundamentally, the lumbar spine vertebrae can engage in four types of motion: rotation, in 

which the whole bone rotates about a central axis, resulting in horizontal rotation of the trunk 

(twisting); flexion/extension; lateral flexion; and translation in which the whole vertebra 

moves/slides in sagittal, coronal or transverse directions. These motions are initiated and 

controlled by muscle and gravitational force/action, and restricted by the boundaries enforced 

by joint ligaments and bone. The lumbar spine generates the greatest flexion-extension range 

of movement within the spinal column and has the ability to synchronise combinations of 

rotation and translation movements of the vertebra.  

Sagittal flexion  

The action of forward trunk flexion is initiated by the abdominal muscles before gravity (body 

weight and load) creates momentum which is then controlled by the eccentric (muscle 

contracting while lengthening) action of the multifidus of the lumbar region and the erector 

spinae muscles. If a flexed trunk posture is held, it is principally the locking of the zygapophysial 

joint components and the transition from muscle control to tension on the posterior ligaments 
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that braces the trunk in static flexion. The multifidus are also responsible for stiffening the spine, 

bracing the trunk in anticipatory postural adjustment (APA) for trunk extension, and providing 

strength to initiate upright stance. 

Trunk extension  

From trunk flexion into upright posture is fundamentally initiated through the hips and by both 

the multifidus muscles and erector spinae. 

Trunk rotation 

The abdominal muscles, particularly transverse abdominis and internal obliques, initiate and 

control this motion. The deep bilateral transverse abdominal muscles, the multifidus and 

quadratus lumborum muscles oppose the action.  

Trunk lateral flexion 

Lateral flexion of the trunk is a movement that combines aspects of trunk rotation engaging 

largely the quadratus lumborum, abdominals and multifidus. Static lateral flexion is also 

maintained by the opposing  muscle sets, but both the motion, held and loaded postures 

potentially creates awkward positioning of the zygapophyseal joints. 

 

Stabilising the Trunk 

In “still”, upright stance, the posterior trunk muscles and joint structures remain in a neutral 

alignment aided by the buoyant intervertebral discs, the curve of the lumbar spine and the intra-

abdominal pressure all working to absorb, equalise and disperse the load of the upper body. In 

motion, stability of the lumbar spine occurs because of the interconnecting network of elastic, 

tensile ligamentous tissues; the deep, intervertebral muscles; and layers of extensive “webbed” 

fascia connecting into the column of vertebrae. The “forward slope” of the lower lumbar 

vertebra are further supported by the “backward slope” of the zygapophysial joints, creating a 

resistance to forward and lateral displacement of the lumbar segments. During upright stance, 

the centre of gravity (CoG) (the point at which the body’s weight is balanced in all directions) in 

healthy men is located anterior to the lumbar spine at the approximate level of L4/L5; while in 

healthy non-pregnant women it is slightly lower, at L5/S1 (see 

https://msis.jsc.nasa.gov/sections/section03). In the normal body condition, only subconscious, 

slight muscle activation is required to maintain balance or stability. If the CoG though, is not 

located close to the natural points, then the gravitational forces on the lumbar spine increases, 

which tends to pull the torso in the direction of the CoG of the body, necessitating additional 
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muscle activity and ligament strain to maintain upright posture. For example, in early pregnancy 

the CoG in a woman may move upward due to the increasing mass of the breast tissue.  

Lumbar curve 

In upright stance, the anterior curve of the lumbar spine diverts perpendicular gravitational 

forces, making the lower back more resistant to compression during weight bearing. The shape 

is facilitated by the forward, downward slope of the superior surface of the sacrum and is 

augmented by the wedge shape of the lumbosacral discs. The angle (Figure 2.7) varies between 

individuals with the curve being maintained by the psoas major and multifidus muscles, as well 

as the anterior longitudinal ligament (Figure 2.4, 2.5). There is a difference in the shape and 

positioning of the lumbar curve between men and women. In upright stance generally, the 

lumbar curve in women is around 7° greater than men with the peak situated closer to the pelvis 

and the thoracic end of the curve more backwardly oriented; likely the result of the more 

anterior sloping junction of the lumbosacral joint. In a supine lying position however, the angular 

difference is negligible; the suggestion being that women have more flexibility in the lumbar 

spine. The different biomechanical configurations between men and women, in turn, may 

indicate sex differences in the mechanics of postural load bearing.  

Intra-abdominal pressure  

Intra-abdominal pressure (IAP), developed between the diaphragm and the pelvic floor, applies 

an internal stabilising force on the spine during upright posture, load bearing and throughout 

trunk extension. An in-vivo study by Arjmand and Shirazi-Adl (2006), questioned if the co-

activation of abdominal muscles augmented IAP, and if an increase in IAP was beneficial in 

reducing compression or shear forces. Their study measured these forces in both upright 

posture and 40o of trunk flexion with an 18 kg loading. The authors reported that IAP was of no 

stabilising benefit in trunk flexion, but most evident during trunk extension.  Trunk stability in 

upright stance was also optimised by the contraction of the transverse abdominis (Figures 2.6, 

2.7) which exerts a lateral tension on the thoracolumbar fascia. However, there is very little 

quantified research on IAP addressing sex differentiation, or implications of perturbed pelvic 

floor or abdominal muscle integrity – a complication more common in women than men.   
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Compression force 

When the trunk muscles contract (Figure 2.7), they create a compression force onto the 

intervertebral discs of the lumbar joints. As load on these muscles increases, so too does the 

compression on the joints and discs; this can have both stabilising and destabilising outcomes.  

 

 

 

 

Destabilising the Trunk  

There are conflicting theories as to whether the lumbar spine can be destabilised. Some 

researchers propose that the trunk has an inherent instability while others suggest it is not 

instability but biomechanics and soft tissue responses to force that create a problem (Panjabi, 

et al., 1989; Ashton-Miller & Shultz, 1991; Panjabi, 1992; Marras et al., 1993; Waters et al., 1993; 

Panjabi, 1994; Cholewicki et al., 2000; Bonato et al., 2003; Chaffin, 2005). Compression force on 

lumbar joint structures is maximised in flexion motions of the trunk, especially when an external 

load is being lifted, lowered, pushed, pulled or carried. However, depending on the disturbance 

and the action of engaging muscles, the force is distributed asymmetrically to spinal segments, 

which creates the potential for destabilisation. In axial rotation (twisting) though, posterior 

trunk muscles are at their weakest, offering negligible stability for the spinal segments. With 

increased reliance on the abdominal muscles to do most of this work, this provides opportunities 

for instability of the lumbar region.  

Shear force is created by the contraction of muscle portions that are neutral in upright stance, 

but oriented in a more diagonal direction in flexion, rotation or combination motions such as 

Figure 2.7. Illustration of the trunk muscles and structures supporting intra-abdominal pressure 
(via. google search images: https://brentbrookbush.com/articles/corrective-exercise-articles/core-
subsystems/intrinsic-stabilization-subsystem. 2018).             
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“twisting and bending”. The contracting muscles apply a transverse force across the vertebra, 

potentially destabilising the disc and surrounding ligaments particularly if the held posture is 

maintained for a period of time.  

Ligament creep is a non-observable, gradual deformation of collagenous tissue such as 

ligaments and joint capsules, in response to a constant force or load such as the gravitational 

force of the upper body when the trunk is held in flexed posture. When a prolonged force is 

applied to these tensile/elastic tissues, a slight elongation or “creep” of the tissue can occur. 

This process happens regularly in daily domestic and work place activities where there are often 

trunk flexion-extension actions and held postures, in which ligament tissue may be subjected to 

forces that are within load bearing capacity. If these forces are held for several minutes however, 

the ligament or capsule can elongate. Creep subsequently alters the mechanical properties of 

these connective tissues, which then need time to fully reform. As a result, the joint may be 

destabilised and more vulnerable to injury during this recovery period. A ligament that has been 

previously injured or has been regularly stretched beyond its range of motion can also lose 

elasticity which is likely to cause decreased stability of the joint. And for ligaments that contain 

less collagen, the ability to recover efficiently is compromised. 

Muscle strength, sex, physiological interactions, age and previous injury or disorder can also 

modify or augment the effect of creep, leading to increased loads on lower trunk segments. And 

without an obvious physical deformity such as prolapsed disc, or detached ligament or muscle 

tissue, measuring and objectifying the potential subtleties of spinal joint instability and 

diagnosing it as a contributing factor to an individual’s LBD, is difficult. Apart from these 

considerations and the fact that vertebrae in women are generally smaller than those in men, 

there is very little research examining the difference in the lumbar spine between men and 

women or the functional consequences, if any, that these differences create for the female trunk 

in motion. 

 

A Common Standing Lift 

Optimised lifting for any individual relies on their lower back strength and function, the 

orientation of the trunk posture and the position and mass of the load being lifted. In a common 

standing lift in which a load is being raised from waist height, the operator usually bends 

forward, reaches to grasp the load, may pull or drag the load before lifting it from the surface 

and finally carrying it as the operator extends the trunk returning to upright stance. Forward 

flexion to reach the load is initiated by the abdominal muscles and the pelvis rotating forward; 

the descent is then managed by the controlling eccentric contraction (contracting while 
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lengthening) of the long erector spinae muscles.  Compression and shear forces on the spinal 

joints are augmented by the contraction of these muscles, the mass of the operator’s body 

above the lumbar region, the mass and position of the load being lifted, the angle of trunk 

flexion, the orientation of the lumbar spine as it is controlling the descent and the strength, 

functional ability and stability of the lower back bracing for the lift. The lift is then prepared for 

by involuntary postural neuromuscular adjustments, and a slight posterior rotation of the hips. 

Although the hips (gluteal muscles) and rotating pelvis provide the initiating drive into upright 

position, it’s the contracting muscles of the lumbar and deep lateral abdominals that actually 

perform the extension of the trunk. The ligaments, intervertebral discs and posterior joints of 

the lower back mitigate, concurrently, the increasing forces. The stabilising influence of the 

intra-abdominal pressure further supports lumbar spine structures during lifting and in loaded 

trunk extension.  However, the weight, shape, centre of mass and position of the load being 

lifted, all augment the forces on individual lumbar segments as the trunk straightens into upright 

stance. 

If the lifting task is preceded by a held trunk flexion posture, at 45o for example, the posture is 

supported by locking the posterior lumbar joints, the rigidity of the ligaments, and static 

contractions of the spinal muscles and psoas major. If there is an imbalance in the lifting action, 

as in trunk twisting or lateral flexion prior to and/or during lifting, the load angles will further 

perturb and amplify the force imbalance on the lumbar spinal segment, and increase stress on 

ligament and muscle structures.  

Augmenting or Mitigating Spinal Forces During a Standing Lift 

The following are recognised as ergonomic factors which may influence spinal forces during a 

lifting task and have been compiled from standard biomechanics and ergonomic texts (Kroemer 

& Grandjean, 2001; Kumar, 2001; Kingma et al., 2004; Chaffin, 2005; El-Rich & Shirazi-Adl, 2005; 

Chaney et al., 2006; Enoka & Duchateau, 2008; Marras et al., 2014). 

Physical characteristics of the operator 

As well as the strength and functional capability of an individual, body mass and body shape of 

the lifter (operator), will alter the CoG in neutral stance changing the distribution of force on 

lumbar spine joints throughout any trunk motion. An operator’s age, sex, ethnicity and state of 

physical and emotional wellbeing as well as their level of alertness, may also affect the way he 

or she approaches and prepares the body for a weight bearing action. 
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Posture  

Awkward postures (involving trunk rotation, flexion and/or lateral flexion) and held flexed trunk 

postures, increase compression forces, shear forces and ligament tensions, as do postures that 

require reaching to lift a load. Increasing the distance of any load from the midline of the 

operator’s body alters the CoG which augments biomechanical forces on the structures of the 

lumbar spine, potentially destabilising the trunk. Chaffin (2005), reported that during a standing 

lift, a load of 10 kg or more, lifted 30 cm or more from the midline of the operator’s body, 

exceeds all safe lifting limits and substantially increases lift-associated soft tissue stress. 

Although an upright posture generally facilitates effective dispersion of force, spinal 

compression force is increased when holding a load in upright stance. The increased force is 

absorbed by the intervertebral discs of the lumbar joints which, depending on the health of the 

lower back and weight of the extra load, may cause the discs to bulge. This is normally a common 

response, however, if the load is heavy (relative to the strength of the load carrier) or is being 

held for a period of time, the force/pressure may facilitate a “creep” (fluid creep) or spread in 

the discs which in turn, increases the flattening of the bulge and reduces the space between the 

vertebral bodies. This expansion is likely to exert increasing force on the anterior longitudinal 

ligament which can cause the lumbar curve to move in a more anterior direction, increasing 

lordosis. In so doing, the positioning of the trunk changes, potentially applying force to more 

posterior ligaments and perhaps changing the angle of the articulating surfaces of the superior 

and inferior posterior joints, in turn influencing fatigue in the tissues surrounding the joints and 

likely create implications for LBP/LBD.  

Load characteristics 

The weight, dimensions, shape, location of the centre of mass (CoM), behavioural characteristics 

and the ability to grasp and hold are also important factors affecting spinal forces on the 

operator during lifting. Consideration is needed too for overcoming the inertia of the load upon 

lifting; requiring some physical preparation/anticipation by the operator to overcome the initial 

weight bearing of the lift. Handling live loads, however, introduces elements sometimes out of 

the control of the operator with considerations such as duty of care, as well as the physical and 

behavioural characteristics of that load at the time of lifting, which may be further implicated 

by the task, use of equipment and the environmental circumstances.   

Equipment design 

The design of equipment dictates the postures and actions used to complete a task. In standing 

bench work for instance (NIOSH, 1994; Kremer & Grandjean, 2001), optimised equipment design 
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would facilitate the comfortable upright trunk posture of the operator; a work surface 

height/heights relative to the task; horizontal foot, knee and motional hip space; and positioned 

allowing space and available reach and symmetry of operator trunk motion.  

Frequency and duration of lifting 

The frequency and duration of lifting and other manual handling (MH) activities, affects the 

recovery of muscle and ligament tissues. The frequency of MH, particularly of the same actions, 

can accumulate the force effects, as well as contribute to soft tissue fatigue; both of which can 

be mitigated with recovery time. The duration of a flexed or awkward trunk posture prior to or 

during the lift task can also increase the risk of soft tissue fatigue, creep, damage or tissue failure.  

The lifting environment 

Time of day or night, previous tasks performed, location, noise, temperature and physical 

surroundings can also affect the body’s ability to prepare physically and mentally for the lifting 

task.  

Fatigue 

Mental, emotional and physical fatigue can inhibit neuromuscular and physical preparation 

which can augment instability of the trunk during lifting, increasing the risk of soft tissue 

damage.  

Anticipatory postural adjustment 

Both subconscious and conscious bracing of the body when preparing for a lifting task helps to 

mitigate excessive forces on the lumbar spine. This can also assist with overcoming inertia when 

lifting a load, as well as bracing the lumbar spine structure and increasing the resistance to 

compression and shear forces, and ligament strains. Efficient anticipatory postural adjustments 

engage the deep abdominal muscles, multifidus, pelvic floor and diaphragm, as well as the legs 

and arms. However, the efficiency of the preparation can be perturbed by physical, emotional 

and mental fatigue, as well as pre-existing soft tissue damage and reduced strength and 

function. 

 

Spinal Loading for Men and Women 

Few studies have investigated whether differences in biomechanical function exist between the 

sexes in load bearing and lifting tasks.  However, in a study of U.S.A. military personnel, Roy et 

al. (2016) reviewed a variety of physical exercise and operational tasks accomplished by men 

and women while wearing extra body loads (back packs and/or body armour). The authors found 
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that wearing a load of 10% of body weight for an hour of occupational field demands increased 

the relative risk of lower back injury in women by 100% and in men by only 30%. Roy et al. (2016) 

also reported that predictors of injury were the weight of the body load, the duration of load 

bearing, the repetition of load bearing activities and the distance that the body loads were 

carried. These factors decreased dynamic balance and increased the relative risk of injury.  The 

methodology of this study may have had limitations; however, the results were similar to those 

reported by Lindbeck and Kjellberg (2010), whose study revealed differences in squat and flexed 

posture lifting techniques with advantages and disadvantages in lifting motions for both men 

and women; both studies reporting observed differences in the physical strength but 

significantly in the physical motions adopted by men and women in load bearing actions.  

Marras et al. (2002) provided a comprehensive and relevant investigation into the effects of MH 

work between men and women. In this study, all subjects performed two sagittal flexion lifting 

tasks, one with hips and legs fixed to isolate the trunk in action; the second allowed movement 

in the hips and legs. In both tests, participants began in a flexed position of 55o and lifted through 

trunk extension to upright stance.  Participants were tested using isokinetic dynamometry 

equipment, lifting two separate weights 6.8 kg and 13.6 kg at four controlled velocities. Results 

from the first study indicated that when subjected to the same restricted conditions, the relative 

compression and shear forces were similar for both sexes, and that strength was more related 

to the upper body mass of the men. However, during the second, free movement condition, 

women recorded greater hip flexion range and speed in trunk extension than men, but had 30% 

less extension strength relative to the men. Women also had greater activity in the latissimus 

dorsi and external obliques than men, indicating they tend to recruit muscles other than just the 

erector spinae. Marras et al. (2002) surmised that because the obliques are trunk stabilisers, 

they don’t contribute to strengthen the lumbar spine when load bearing (lifting) through trunk 

extension. They also suggested that the level and nature of spinal loads would be different and 

more complex in women resulting in greater compression force and shear force. Marras et al. 

(2002) concluded that women tend to use more hip motion in lifting and, since women have 

lower spinal tolerances than men, women performing MH work are likely to be at greater risk of 

lower back injury then men.  

In relation to sex differentiation, strength and body shape is influenced by reproductive 

hormones. And although we have a comprehensive understanding of the influences of 

testosterone on the morphology and strength of men, it is uncertain how the biomechanics of 

spinal loading and lifting are implicated by aspects of the hormone induced changes in the 

morphology of women. From puberty, hormone induced changes occur to the width and shape 

of the pelvis and pelvic inlet of women, reaching and maintaining a state of “obstetric 
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optimisation” between the ages of 25-30 y then declining until around 45 y, at which time 

menopause facilitates a permanent  narrowing of the pelvis (Huseynov et al., 2016; Mitteroecker 

& Fischer, 2016). Pregnancy and postpartum further affects these changes including maximising 

the elasticity of the symphysis pubis and sacro iliac joints (Ibrahim, 1961; Becker et al., 2010). 

Given the significance of the pelvis as the foundation for upright stance and load bearing of the 

trunk, it seems likely that the ongoing changes to pelvic joint strength and the orientation of 

pelvic bones will also affect the biomechanics of load bearing through the lumbar spine of 

women (Chow, et al., 2011; Jain et al., 2016;).  

 

LOWER BACK PAIN AND DISORDER    

Lower back pain and dysfunction/disorder are often thought to be the same thing, however, 

although an LBD may not be painful, LBP generally creates some level of LBD (Bogduk, 2012). 

Kumar (2001), proposed several theories for the musculoskeletal pain and disorder/injury 

process; Figure 2.8 provides his comprehensive explanation of the interactive process in which 

he depicts a combination of biomechanical stresses (extrinsic) and individual traits (intrinsic) 

factors influencing disorder/injury and pain. 

 

Lower Back Pain  

Pain is a subjective experience which is difficult to standardise (IASP, 2004; Balagué, et al., 

2012), could have more than one cause, and the source of which may not always be where the 

pain is felt (Turk & Okifuji, 2002; Raastad et al., 2015). LBP is any pain felt between the sacrum 

and the thorax, and within the lateral borders of the erector spinae muscles (IASP, 2004). In the 

spine, pain not caused by obvious trauma or disease, can arise as a result of biomechanical 

influences aggravating nerve endings in muscle and tendon attachments, ligaments, bone, and 

the zygapophyseal joints. This type of pain is usually felt deep in the tissues of the lumbar spine, 

often described as an ache, and is difficult to pin-point the source (Turk & Okifuji, 2002; Balagué, 

et al., 2012; Raastad et al., 2015). More localised LBP can also be associated with work or 

exercise, muscle spasms and postural imbalance. However, in relation to non-specific LBP, a 

reliable cause-effect association is difficult to establish, particularly once the pain has persisted 

for 3 months or more and is considered to be chronic (McGill, 1997; Kumar, 2001; Marras et al., 

2014). Bogduk (2012), provided a comprehensive discussion on this topic and concluded that 

much of the diagnoses and treatments of non-specific LBP were based on assumption and habit, 

with very little scientific evidence supporting many accepted practices. Of particular concern, 

LBP affects up to 80% of pregnant women, and 30% of those women will continue to experience 
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LBP for at least 6 months after the pregnancy (Kristiansson et al., 1996; Noren et al., 2002; Gutke 

et al., 2006). Women with previous LBD have a greater predisposition to LBP during pregnancy, 

and subsequent pregnancies increase the likelihood, intensity and duration of LBP for many 

women (Ostgaard et al., 1997; Wu et al., 2004). 

Pain, whether general, musculoskeletal, LBP or chronic LBP (CLBP), appear to have an intimate 

relationship with anxiety and depression (emotional wellbeing), but there has been much 

difficulty in quantifying the association. Depression and anxiety have been considered 

predisposing factors in relation to the higher rate of women reporting non-specific LBP/CLBP 

(Rollman, 2001; Leveille, 2005; Manek et al., 2005), but it is unclear as to whether emotional 

wellbeing is a precursor to, or the result of LBP in women. The fact that much of reported 

LBP/LBD in women bears few physical and or diagnosable cause/symptoms, is possible grounds 

for the assumption of predisposition.  

 

 

Figure 2.8. Image from Kumar (2001, p.32), Multivariate Interaction Theory of Musculoskeletal Injury 
Precipitation. 
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There is no doubt that LBP/CLBP/LBD often have a substantial influence on the quality of life and 

mental health of all those who suffer on-going pain; for both men and women (Thomas et al., 

1999; Duthey, 2013; Herin et al., 2014). However, the enormous cost to society from LBP/CLBP 

in general, and the negative consequences for emotional wellbeing, has motivated research into 

the physiological response of the brain to acute and chronic pain.  

High resolution magnetic resonance imaging has been used to track pain conditions with brain 

activity and a temporal association has been identified between various painful stimuli and 

changes in brain structure and function (Fritz et al., 2016). Several recent studies have 

researched brain responses, specific to acute and chronic LBP (Baliki et al., 2006; Gatchel, 2017). 

Fritz et al. (2016) measured regional responses of the brain in 111 patients with diagnosed CLBP 

and 430 participants with no LBP, observing that CLBP was associated with some atrophying of 

grey matter in the prefrontal cortex, the region of the brain associated with emotional well-

being. A 12-month prospective study of men and women (n=94) with acute and sub-acute (up 

to 2 months) LBP, and a group (n=59) who had long term CLBP was reported by Wang et al. 

(2016); in this study brain activity was tested and compared between those who recovered from 

LBP over the 12-month period and those whose LBP continued. The results indicated that the 

active response of the brain to acute LBP subsided as the pain resolved. However, for those 

participants whose LBP persisted, brain activity transitioned from the location for acute pain 

response into the prefrontal cortex area, duplicating the brain activity response observed in the 

CLBP group. Consequently, it seems that the brain’s general responses to acute and chronic LBP 

conditions are distinct, but there may be some interactive network between the two. A 

population wellness study in Japan (Tsuji et al., 2016) surveyed 30,000 respondents; data were 

used to investigate the relationship between depression, quality of life and CLBP. Diagnosed 

CLBP patients with and without depression were compared. The CLBP patients with depression 

had a lower quality of life and higher pain scores than patients without depression. Of these 

studies, although gender/sex was a noted variable in some, no results or discussion included sex 

differentiation in response to pain, and no indication that women were more likely to 

catastrophize their LBP/CLBP experience. 

 

Work-Related LBD  

For the purpose of this research, LBD is defined as any reduced ability in the normal work 

tolerance of the individual’s lower back associated with compromised load bearing (strength) 

and/or motion capacity (function), which may or may not be accompanied by pain. Because the 

pathology of non-specific LBD is hard to diagnose, it becomes difficult to treat successfully 

(Bogduk, 2012). The following are likely factors influencing non-specific LBD. 
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Spinal loading and tissue fatigue  

Marras et al. (2014) examined cumulative spine loading as a risk factor for LBD, pointing out the 

complexities of establishing a meaningful understanding of the biomechanical factors that 

influence this repetition based tissue damage. Muscle, ligament and tendon fatigue is the result 

of the application of force which, depending on the intensity, duration and repetition, will alter 

the functional strength of that structure, albeit perhaps temporarily. In a submaximal effort such 

as domestic work, the onset of muscle fatigue will often not limit an individual’s ability to 

continue performing tasks.  However, with repeated applications, the tissues may not fully 

recover, and each subsequent application of force could effectively weaken the structure. The 

consequence is that, over time, small weaknesses can accumulate and cause a tissue failure 

(injury) in response to perhaps a much lower level of force. This is often referred to as cumulative 

trauma disorder. 

Muscle fatigue in the lumbar spine can also affect postural control of the trunk allowing 

inadvertent rotation and sway (Morris & Allison, 2006; Bouisset & Do, 2008) and jeopardising 

functional stability of the lumbar spine, particularly when lifting loads from a flexed position. 

Trunk muscle fatigability varies between individuals and may be influenced by an individual’s 

genetics and/or physiology, including reproductive hormones and the type of muscle fibre in the 

long muscles. It has also been suggested that frequent recovery periods could reduce or 

eliminate the effect of cumulative fatigue or strain (Kumar, 2001; Marras, 2002). 

Joint instability  

Joint instability can increase the risk of lower back dysfunction, deformity and destabilisation 

injury (Kumar, 2001; Enoka & Duchateau, 2008; Marras et al., 2014; Abboud et al., 2017), 

however LBD relating to instability is difficult to diagnose. Spinal ligament laxity may or may not 

present quantifiable symptoms, however, congenital hypermobility is a disorder that can affect 

the spinal joint security. This is a diagnosable disorder in which there is a difference in the type 

of collagen content of ligaments and tendons. It is often initiated in puberty and presents in 

women two to three times more frequently than in men. Women have described symptoms 

including spinal joints “clicking”, “popping”, and feelings of instability and joint vulnerability. 

Although not necessarily painful, many women with hypermobility of the lower back and hips, 

have reported experiencing sudden sharp pain and related it to “loose spinal joints and nerve 

catching” (Simmonds & Keer, 2007). It remains uncertain, however, if or how lumbar joint 

stability is implicated by aspects of the changing morphology of women. 
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WOMEN, ERGONOMICS AND LIFE-WORK CIRCUMSTANCES  

Occupational ergonomics is the process of fitting work tasks to the individuals who perform 

them with the objective of limiting the risk of injury and optimising productivity (Kroemer & 

Grandjean, 2001; Sanders, 2004). In its entirety, this science refers to the consideration of all 

aspects of a human’s anthropometry, physiology, functional and sensory abilities, work/life 

habits and physical and psychological wellbeing (Kumar, 2001). Naturally it is complicated to 

consider applying these individual principals en-masse in the work place, and although many 

work place procedures in western countries have embraced and standardised aspects of 

ergonomic practice (NIOSH, 2004; ILO, 2013; WHO, 2016), it is certain that without examining 

each of the elements in full, the results from work place adaptions will not overcome key areas 

of risk, such as MH and related LBD in women. Potentially the component of greatest complexity 

in any MH work place is the difference between men and women; which is partially addressed 

in relation to average body size and strength, and by the differentiation of general load lifting 

standards (Marras et al., 2002; Hooftman et al., 2009; Deering et al., 2017). However, the 

influence of female reproductive hormones is also likely to have considerable consequences for 

how women work with MH tasks, and this aspect of sexual dimorphism may need broader 

consideration when designing work place practices (Messing et al., 2003; Wang et al., 2005; 

Habib, 2012; Ritz et al., 2014; Marras, 2016).  

 

The Influence of Reproductive Hormones    

From birth to puberty, males and females have equal measures of the reproductive hormones 

estrogen, progesterone and testosterone. In simple terms, from puberty, testosterone increases 

in males and estrogen and progesterone increase in females (Berenbaum & Beltz, 2015). These 

changes influence the rapid dimorphic shift in growth, and clear differentiation in 

anthropometric and physiological characteristics. However, while testosterone levels in men 

remain relatively constant throughout their lives, after puberty women commence a lifetime of 

hormone influenced morphological change. The effect from these hormones influences 

physiology, emotional wellbeing and the entire neuro-musculo-skeletal system, with changes 

occurring through the menstrual cycle, pregnancy, postpartum and menopause (Billings et al., 

1972; Pheasant, 1988; Sapaoriso et al., 2003). Female reproductive hormones have also been 

implicated in various musculoskeletal conditions such as LBP, knee joint laxity and anterior 

cruciate ligament (ACL) injury (Reece & Casey, 2015; Shultz, 2017). The circulating 

concentrations of estrogen and progesterone are accompanied by various support hormones 

including testosterone. However, serum relaxin, one of a family of peptide hormones, significant 

for its catalytic actions on collagen, is also intrinsically connected to the cyclic changes of the 
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reproductive hormones of women. This circulating serum relaxin (R2), is most generally 

associated with women rather than men (Bathgate, 2013), and is most specifically associated 

with the degradation and subsequent regeneration of collagens I and ll, the collagen types that 

primarily make up ligament, tendon and some cartilaginous tissues (Eiling et al., 2007; Pearson 

et al., 2011, Bathgate, 2013).  Through a “normal” menstrual cycle, increasing levels of estrogen 

stimulate the increase in concentration of serum relaxin, while escalating progesterone 

marginalizes serum relaxin. This means that during phases of elevated estrogen, the circulating 

concentration of serum relaxin will subsequently increase and some ligament degradation or 

softening is presumed to ensue (Shultz et al., 2012; Dehghan et al., 2014; Reece & Casey, 2015).  

Serum relaxin is at its highest concentrations in the luteal phase of the menstrual cycle and is 

observed to increase dramatically with the commencement of pregnancy.  

Of relevance, a disparity has been identified in relation to sports men and women, with women 

having a substantially higher incidence of knee joint injuries than men (Dragoo et al., 2011; Casey 

et al., 2016). The increase in serum relaxin around ovulation and the early luteal phase of the 

menstrual cycle seems to be an influencing factor on the periodical decline in strength of the 

ACL. The weakened ligament increases laxity in the knee joint, reducing its functional strength 

and increasing the risk of force and torsion-associated ligament failure (Toth & Cordasco, 2001; 

Dragoo et al., 2003). This highlights the possibility that the intermittent increase of serum 

relaxin, or combination of estrogen and serum relaxin, may also predispose other force bearing 

joints in women to episodes of joint laxity and structural weakness (Dehghan et al., 2014). 

However, there are few studies in this area, and the methodologies and outcomes have been 

inconsistent (Petersen et al., 1994; Wreje et al., 1995; Vollestad et al., 2013). Bathgate (2013), 

further advises the importance of using a specific immunoassay and methodology to reliably 

detect serum relaxin in samples. He suggests that variations in either of these can cause 

extremely unreliable outcomes and, therefore, it is difficult to compare results with other 

studies.  

 

Women and Work     

Over the past 50 y, there has been a continuous increase in the number of women in the paid 

work force (ILO, 2016). As a consequence, there has been greater awareness, qualitative 

research and discussion about the progress of women back into the work force following child 

birth. Comparisons between occupations and conditions for men and women have also been a 

topic of active discussion (Messing, 1998; Blosser, 2000; Messing & Ostlin, 2006; ABS, 2009; 

Armstrong & Messing, 2014; Baxter, 2014). The following Australian Bureau of Statistics 

work/life population information, published between 2012-2018, provide key points of interest 
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to this study (Australian Human Rights Commission (HRC), 2017; www.wgea.gov.au 2018), 

including: 

• Total work participation rates for workers between the ages of 15-64 y, is 73% female and 

82% male 

• Women constitute 37% of all full-time employees (≥ 35 hours) 69% of all part-time 

employees (≤ 34 hours) and 53% of all casual employees 

• The median age of women in full time work is 39 y 

• Women contributed 79% of the work force within Health, Community Care and Social 

Assistance; 71 % in Education and Training; 54% in Retail and Accommodation and Food 

Services; and 51% in general service industries  

• 57% of women with children aged 0-4 y are employed in full time work 

• Women between the ages of 15-64 y are responsible for 73% of all unpaid caring 

responsibilities including the young, the sick and the elderly in their families, friendship 

groups and communities 

• The average age of a first time mother in Australia is 32.5 y and 48% of first time mothers 

are 30 y or older 

• 69% of women with a child less than 2 y are also in a job while pregnant and 48% of these 

women were working part-time immediately before the birth of their child  

• In Australia, Canada, UK and USA, the average postpartum discharge from hospital varies 

from 12-48 h following a spontaneous vaginal delivery 

• On average 62% of fathers take 2 weeks or less paternity leave for the birth of a child 

• The average age of a child at mother’s return to work is 20 weeks 

• More than 90% of women with children perform the majority of unpaid home based 

childcare regardless of whether they are in paid employment  

• Women with children perform an average of 45 h per week of unpaid work at home 

regardless of whether they are in paid employment 

• Women regularly choose part-time or casual employment below their skill level so they 

can manage both paid work and unpaid family responsibilities (Hegewisch & Gomick, 

2011; Gender Segregation Report (GSR), 2017)  

• 70% of women working full-time, and 57% of women working part-time report time 

pressure and poor work-life balance compared to 46% of men working full-time and 25% 

of those working part-time  

• Mothers aged 35-44 y report the highest work-life interference indicating that parenting 

responsibilities are associated with greater difficulties and strains for women than men 

when combining work and care 

http://www.wgea.gov.au/
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• In 2016, stay-at-home fathers accounted for 4-5% of Australian two-parent families 

 

Similar figures and work-life circumstances exist for countries in the OECD (OECD, 2014). 

Frequent social and political discussions in relation to these key points often focus on the 

economic considerations for women and families (ABS, 2009; ABS, 2013; WHO, 2016), the 

contradiction between male/female employability, and work place advancement potential 

(“glass ceiling”) (Uhlmann et al., 2005; World Economic Forum, 2013; GSR, 2017; Foley et al., 

2019) the role of the male “breadwinner” (Meisenbach, 2010; ILO, 2014d) and continuing 

gender differentiation in homemaking duties (Sawer, 1996; Correll et al., 2007; van Egmond et 

al., 2010; GRS, 2017); as well as family and childcare support (ABS, 2013, OECD, 2014; WHO, 

2016; GRS, 2017). Although there is growing discussion of men affecting a reduction in the 

division of labour within the home, including parenting tasks, recent data indicates only a 

marginal shift between gender roles and productive time applied in parenting and home making 

(Hosking et al., 2010; Burnham & Theodore, 2012; Baxter, 2013; OECD, 2014; GSR, 2017). 

Reinforcing this is comment by the authors of the Gender Segregation Report (2017), in which 

gender work-life comparisons were drawn from all OECD member countries; suggesting that 

without deliberate action, neither the consequences of gender segregation nor its causes are 

likely to ease in the near future (GSR, 2017).  

With this aside, the unheard and perhaps unrecognised literal “antagonist” in the work-life 

balance for women, is the difference in the type, frequency and duration of work that occupies 

women who are also mothers, home-makers and family women (Sanders & Morse, 2005; 

Messing & Caroly, 2011). The nature of female dominated work places means that the type of 

work undertaken in paid employment is often similar to that attended to in the home 

(Nordander et al., 2008). This full-time and part-time paid work often involves conditions of shift 

work, care work with adults or children, and service work involving low level MH. While men 

involved in MH work are reported to be generally handling heavy loads, women are more likely 

involved in MH of awkward and unpredictable loads (Hooftman et al., 2009a; Anderson & 

Messing, 2014). And while men are engaged less in unpaid home-based work, the tasks, duration 

and frequency of MH for women in the home exposes them to similar risk factors as those 

identified in industry (Habib & Messing, 2012; Armstrong & Messing, 2014; ILO, 2014). Finally, 

men with children use more of their non-work time for personal leisure than women with 

children, who use the majority of their non-work time to perform household tasks and care for 

the children and family (Habib et al., 2010; Messing & Caroly, 2011; Baxter, 2013; OECD, 2014; 

Baxter, 2016). 
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Domestic Child Care Work   

The work of caring for infants and young children is largely directed by the needs of those 

children. The type, duration and frequency of this MH work vary according to the age and 

developmental stage of the child, and is augmented by the number of children receiving care 

(Sanders & Morse, 2005, Stewart, 2010; Vincent & Hocking, 2012; Labaj et al., 2019). Figure 2.9 

indicates the amount of time that children, in two age groups, spend in the care of their mother 

during a 16-hour day, and takes into account parents in paid work as well as non-paid CCW and 

home making work. Figure 2.10 presents a general indication of “work time” of infants and 

children, and the division of time spent with both parents during week and weekend days. These 

figures are reproduced from the Australian Institute of Family Studies. Research Paper no- 44, 

Parental time with children, (2010) and that by 8 am, 60% of all infants (n = 6,380; average age 

= 9 months) and children (n = 5,575; average age = 57 months), were awake; indicating the 

duration within each 24 hour period that the mother is caring for a child, the level of sleep/rest 

the mother may be achieving and the times at which the mother may be attending to child care 

work. The remaining 40% were either still sleeping or awake but not with their mother. These 

are general data and do not reveal the statistics for 2-3 year old “toddlers”, reported in a survey 

by Stewart (2010) to be the most difficult and time consuming age for MH; or the 24-hour day 

in which infants and toddlers generally require attention.  

Although some studies have focussed on paid childcare work, with Hostelter (1984), Bright & 

Colabro (1999), Griffen & Price (2000) and King (2006), emphasising the relentless and 

ubiquitous physicality of industry based CCW, there are few large-scale studies addressing 

common CCW tasks at home and the associated LBP/LBD issues.  The Longitudinal Study of 

Australian Children (ABS, 2005, ABS, 2016) reported that mothers working at home with an 

infant spent 10 hours a day in high contact activities which include carrying, cuddling, feeding, 

lifting, lowering and bending postures. Approximately 50% of households with a 2 y old child 

also included an infant and/or the mother was pregnant.  
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Figure 2.9. Chart indicating the average amount of time employed and non-employed mothers spend 
with their awake infant (0 – 12 months) and 4 – 5 year old children. (Chart reproduced from the 
Australian Institute of Family Studies. Research Paper no- 44, Parental time with children, (2010).  
ref: https://aifs.gov.au/publications/parental-time-children-do-job-characteristics-make-d/results. 2018) 

Figure 2.10. Chart indicating the average amount of time employed and non-employed mothers and 
fathers spend with their awake infant (0 – 12 months) and 4 – 5 year old children during the week 
compared to the weekend. (Chart reproduced from the Australian Institute of Family Studies. Research 
Paper no- 44, Parental time with children, (2010).  
(ref: https://aifs.gov.au/publications/parental-time-children-do-job-characteristics-make-d/results. 2018) 

https://aifs.gov.au/publications/parental-time-children-do-job-characteristics-make-d/results
https://aifs.gov.au/publications/parental-time-children-do-job-characteristics-make-d/results
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Vincent and Hocking (2012), observed 25 mothers (28-40 y) with one or two children each 

weighing 9-15 kg. The women were assessed while working with a child in their homes and 

answered a work-related survey. All were healthy women within a normal weight-to-height 

range, most exercised regularly, and 50% also worked full or part-time.  During the home visit, 

these women were observed in their own environment using their own equipment, performing 

a total of 87 MH tasks involving lifting a child into and out of a cot, bath, highchair, car seat and 

stroller, and onto or off a floor and change table. The report identified the difficulty expressed 

by all participants in the action of reaching, gripping and lifting the child (load); this was common 

for all equipment, and when lifting all loads. The authors also noted difficulties imposed by an 

unstable centre of mass within the load (Vincent & Hocking, 2012). 

As further evidence of physical and work-associated lower back fatigue, a study by this author 

(Stewart, 2010) quantified biomechanical aspects of a lifting task common to CCW. This 

laboratory-based study, drew upon information provided from a survey of 411 participants to 

design a laboratory test procedure with realistic task frequency, duration and equipment design 

data. Outcome measures included the compression force, shear force and ligament strain on 

the lumbar spine of women performing a simulated lift from a change table surface. Ten women 

were recruited for this study, three of whom were between 32-36 weeks pregnant, four were 

between 12-18 weeks postpartum and three had never been pregnant. Two simulated “baby 

load” models were created to represent average 3 month (7.5 kg) and 18 month (11.5 kg) 

infants, of average head circumference, chest girth, crown to rump and crown to heel length, 

and with the centre of mass positioned in the top third of the body. These loads were lifted from 

three bench heights using two stance alignments, thereby reproducing the most common 

dimensions and styles of nappy change equipment/furniture. These items of furniture 

equipment largely dictate the way the task is performed (Figure 2.11).  

Figure 2.11. Change bench apparatus shown in the symmetric lift with an 18 month baby load 
manikin (11.5 kg load) at 80 cm, 95 cm and 110 cm bench surface heights (ref: Stewart, 2010) 
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Digital video images from three orthogonal views were recorded for each participant performing 

all variations of the task, then analysed to provide a comprehensive range of individualised 

variables to input to the 3D Static Strength Prediction Program (University of Michigan, 2005) 

(Figure 2.12). The analysis of postures and forces was made at the moment of lifting the load 

from the bench top, and the results were expressed as outcomes with respect to an average 

healthy female performing a one-off lift. The results indicated that significant differences in the 

three main outcome variables of compression force, shear force and ligament strains at L5/S1 

and L4/L5 vertebral joints occurred in all conditions (i.e. between each of the loads, both the 

alignments and all three work heights).  

Stewart (2010), observed for all conditions, that lifting was not a smooth and balanced motion, 

the coupling at lift was uneven - lifting one side of the load before the other. In the asymmetric 

lift (Figure 2.12), there was some twist in the lumbar region early in the lift, before the women 

extended the trunk. The larger load was more problematic, but each of the participants noted 

that they were aware of lower back “strain or pain”, and that the locations of strain changed 

between held postures and during the range of motion in trunk extension when lifting from each 

of the bench heights. 

 

 

Participant responses to low back strain in relation to the asymmetric stance (Figure 2.13), were 

more favourable in the single test lift scenarios, with the pregnant women commenting on the 

lift of both loads at all heights being more comfortable. Compression and shear forces, as well 

Figure 2.12. Analysis of asymmetric lift at “waist" height, and 3D Static Strength Prediction analysis 
showing in the symmetric lift with an 18 month baby load manikin (11.5 kg load) at 80 cm bench 
surface height (ref: Stewart, 2010)  



37 
 

as ligament strain, were greatest in the symmetric stance (Figure 2.11). However, both 

symmetric and asymmetric conditions for a single lift were only marginally less than the National 

Institute of Occupational Safety and Health (NIOSH, 1994) recommended lifting limits at that 

time. Lifting in the asymmetric stance generally resulted in a significant increase of fatigue in the 

muscle groups responsible for trunk rotation and lateral bending, and the author observed a 

noticeable odd-coupling and a “pull-roll” of the load from right to left just prior to executing the 

lift.  

Stewart (2010) also reported that the most popular change benches have either one of two 

shelves below the change surface. The baby needs to be restrained to prevent it from rolling or 

falling while the carer bends and reaches to access change items; the carer usually holds the 

baby down with one hand while bending the trunk and reaching for items with the free hand. 

According to the data calculated by the Static Strength Predication Program (2006), used in this 

study, this particularly awkward action (partially demonstrated in Figure 2.13) augmented 

lumbar compression force to above the NIOSH design limit and created up to seven-fold increase 

on lumbar ligament strain (Stewart, 2010) compared to the symmetric and asymmetric flexed 

trunk postures, and substantially increased trunk and shoulder rotator muscle fatigue. 

 

 

The survey by Stewart (2010), also provided information of frequency and duration of the 

“nappy changing” task, as follows: 

Figure 2.13. Analysis of bend and reach posture at common height 3D Static Strength Prediction 
Analysis showing in the symmetric lift with an 18 month baby load manikin (11.5 kg load) at 80 cm, 
surface height (ref: Stewart, 2010)  
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• 70% of respondents reported they performed the task on a 3 month old load 6-12 times 

per day and six times a day on an 18 month load 

• 56% reported a duration of 2-4 minutes to complete the task, however 23% of 

respondents reported the task takes up to 8 minutes on the larger, more difficult, 18 

month load 

• It is presumed by the nature of the task, that carers are in held trunk flexion for most 

of the time before performing the lift 

• Almost two thirds of respondents, including 14 pregnant women were working with 

two or more children at the time of responding  

This task is often one of a sequence of tasks that involve the same type of physical actions, and 

interaction with other items of equipment, for example bathing, placing the load into a cot, or a 

pram or another surface.  

This survey also provided an opportunity for respondents to give written qualitative responses 

in relation to the task characteristics and observed LBP/LBD. A summary of common response 

themes from 183 participants (Stewart, 2010) included: 

• Changing nappies causes pain and difficulty to my upper and/or lower back 

• Height of change surface is difficult for my back 

• Frequent lifting and lowering of my baby causes pain and difficulty to my back  

• My baby is heavy and/or difficult to manage and this hurts my back 

• Two or more babies make my back pain worse 

• I suffer debilitating back pain and is worse since my baby was born  

• As a parent you don’t think about what you are doing to your back, you just do it because 

it needs to be done     

• I have regular treatment for my back but it hasn’t fixed the problem 

Sanders and Morse (2005) developed a comprehensive survey of parents with children under 4 

y of age for the purpose of differentiating between the biomechanical and psychosocial factors 

contributing to musculoskeletal pain; and the frequency, type and severity of their 

musculoskeletal disorder (MSD) symptoms. The authors listed the type of work parents were 

performing, and highlighted high risk practices as physical tasks that result in large 

biomechanical stresses. These included carrying, lifting and bending strains exacerbated by the 

duration and frequency of the tasks. Comment was also made in relation to tasks which required 

lifting or holding the child away from a carer’s body, such as when loading the child into a car 

seat or lifting them from a cot. The actions greatly increase the strain on the lower back. Of the 

130 respondents to the survey (n=120 women), 66% noted the presence of work-associated 
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MSD, with half of those responses identifying LBP as a problem. The greatest impact of LBP was 

expressed by the parents of children between 1-2 y. However, bending reaching and lifting are 

common tasks in childcare that are difficult to avoid, and in many cases the equipment directs 

the physical action. Also children between 1-2 y are usually greater than 11 kg, robust, 

cumbersome and are frequently difficult loads to manage. 

 

MANUAL HANDLING WORK STANDARDS AND ASSESSMENTS   

The International Labour Office (ILO, 2018 p. xxvii) released their guidelines to occupational 

safety and health (OSH) with the statements: “Disease and injury do not go with the job. The 

ILO’s primary goal is to promote opportunities for women and men to be safe in their work... and 

be provided conditions of equity, security and dignity”. The ILO also referred to detriments that 

may prevail for women in their role of mothers, carers and homemakers (ILO, 2018). Yet 

although 80% of women will experience motherhood and these women will be performing 90% 

of home based CCW, there remains no OSH assessment, standards of equipment design, 

education or support for this unpaid ‘industry’ of manual workers, who potentially are at higher 

injury risk of LBD than the normal, healthy population.   

 

Standards 

Figure 2.14 is typical of OHS educational support provided in a work place normalising safe 

handling expectations for men and women. The ISO and the ASTM International are two global  

Figure 2.14. Example of work place OHS check for lift weight limits and reach and height optimisation 
for women and men (via google search images. https://www.beckettandco.co.uk/manual-handling-faq-
weight. 2018) 
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organisations that provide uniform guidelines (Standards) for acceptable work practices (Figure 

2.15), equipment and other criteria for limiting occupational injuries. In the USA, LBD account 

for 24% of all work place compensational injury (NIOSH, 2012) a figure that is closely replicated 

throughout the OECD (OECD, 2014). The ISO and ASTM Standards have a reputation for 

providing comprehensive, independently researched and effective directions and certified 

assessment of products which are adopted and adapted by hundreds of governments and 

industry throughout the world (ISO Membership Manual, 2015; ASTM, 2017).   

Manufacturers of infant nursery equipment have a similar process of standards adoption and 

certification. The Juvenile Products Manufacturers Association (JPMA) in the USA; the Baby 

Products Association (BPA) in the UK; and the Infant Nursery Products Association of Australia 

(INPAA) are privately owned and operated organisations, and are the key representative bodies 

for the nursery products throughout the world, with their jointly shared objective to lead the 

development of safer infant nursery products and to promote the safe consumer use of 

products. Although they claim to meet strict safety standards approved by ISO or ASTM, there 

is not one work standard regarding equipment, work practice or work environment, created to 

minimise the risk of LBD for carers working within domestic CCW.  

 

Assessments  

The Australian National Code of Practice for the prevention of musculoskeletal disorders from 

performing manual tasks at work (2007), provides the following guide to work place risk 

assessment: 

• Step 1. Identifying hazards 

• Step 2. Assessing the risk 

• Step 3. Controlling the risk 

• Step 4. Monitoring and review 

There are a number of observer-based analysis systems for assessing injury risk (Step 2) 

associated with MH work. The Manual Tasks Risk Assessment tool (manTRA) devised by Straker 

et al. (2000) is a work place review process for estimating risk associated with task 

characteristics. The Ovako Working Posture Analysis System (OWAS) was developed for 

awkward and non-conventional MH (Karhu et al., 1981; Louhevaara & Suurnakki, 1992), and the 

Participative Ergonomics for Manual Tasks (PErforM), reportedly uses “simpler” methods of 

analysis of risk associated with manual tasks and includes operator input into identifying and 

resolving task concerns. These systems may have their application in structured work places, 

however, there are also numerous reports lamenting their limitations and effective application.  
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In female dominated domestic CCW, however, there is no recognised authority assessing the 

relationship between task components and suitability of equipment. The existing equipment 

standards do not address the physical actions for carers who use this equipment and are, 

therefore, meaningless to the lower back health of carers performing the MH tasks.  

SUMMARY 

This review exposes the complexity of women in work, work, that for so many women, often 

takes a different path to that generally of men. Much of this MH work could be aggravating 

lumbar joint structures, which at times may be augmented by the effects of circulating 

reproductive hormones. Furthermore, many women continue in the same type of paid and non-

paid MH and care work throughout adult life (Armstrong & Messing, 2014, Baxter, 2016). 

Because of this, LBP/LBD in women could be cumulative, making it difficult to assess specific 

contributing factors, and to diagnose and treat the root causes. Understanding that home based 

CCW is a part of that work process, and likely during a time where a woman’s body is most 

vulnerable to soft tissue weakening, could be a significant factor in controlling or managing 

cumulative and chronic LBP/LBDs.  

From previous research we have some understanding of the forces applied to the lumbar spine 

of women when holding a static torso flexion posture, which is reflective of the common stance 

when changing a nappy using popular change table equipment. However, there is no record of 

strength and function in dynamic back extension when lifting a load after a period of held trunk 

flexion; a frequent scenario that occurs in CCW. There is research suggesting that serum relaxin 

is implicated in ACL laxity and knee joint injuries in women, but no data reporting the temporal 

relationship between serum relaxin and lower back strength and function. Nor is there any 

record of dynamic back strength and function being measured through the menstrual cycle, 

pregnancy or during the extended postpartum period. Furthermore, there is a dearth of 

information on the association between anthropometric changes to a woman’s body and 

dynamic back strength and function, such as the implications of abdominal diastasis and/or 

pelvic floor damage and the impact on intra-abdominal pressure or stability of the lumbar spine. 

And at this time, the literature has no record of individual quantitative dynamic back strength 

and function data being associated with serum relaxin levels and/or evaluations of emotional 

wellbeing and perception of LBP/LBD.  

Compounding this dearth of knowledge, is the lack of considered equipment and task design in 

domestic CCW, a ubiquitous 24/7 occupation that sustains emotional and physical exhaustion 

and no doubt contributes to the high rate of LBP/LBD in many of the women who perform the 

work. This review reinforces the understanding that generic comparisons of men and women, 
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as often happens in relative work place statistics, is simply not an appropriate process for 

eliminating risk of MH related LBD in women. The following chapters contain a series of studies 

to assess these themes more closely.  
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CHAPTER THREE 

 

METHODS 

 

The research presented in this thesis comprised four studies, each with slight variations to a 

general protocol of quantitative and qualitative test procedures (detailed below), with three 

participant groups nulligravida, primigravida and postpartum women following the birth of their 

first child. The main outcome variables of interest in all four studies were lower back strength 

and function in loaded trunk extension; with “strength” describing the peak torque (Nm/kg) 

normalised for body weight, and “function” describing the work capacity achieved over the 

duration of the test (J/kg), also normalised for body weight. Any variations to the procedures 

described below have been specified within the individual study chapters. These studies were 

as follows:  

• Chapter Four – Pilot Study: comprised one test session to determine a safe (mitigating 

the risk of LBD) and efficient protocol for measuring dynamic back strength and function 

before and after a period of held, isometric trunk flexion. These measures were 

implemented to replicate a loaded trunk extension/lifting task frequently adopted by 

carers when engaging with purpose built equipment to assist in CCW (Figures 2.11, 3.1, 

3.2). The test measured fatigue-induced changes in trunk extensor muscle action 

associated with five different durations of the held posture to determine the optimum 

period for use in subsequent studies for testing nulligravida, primigravida and 

postpartum women performing a common lift task.  

• Chapter Five – Control Study: these tests involved never pregnant (nulligravida) women 

attending three sessions at three time points representing successive menstrual 

phases. The protocol, which was repeated at each session, tested trunk strength and 

function, collected venous blood samples for measurement of serum relaxin, and 

involved demographic detailing of age, work, weekly exercise and included self-

reported physical and emotional wellbeing and perceived LBP/LBD.  

• Chapter Six – Pregnant Study: pregnant (primigravida) women attended three test 

sessions at time points corresponding to the three trimesters of pregnancy. The 

protocol duplicated that which was completed by the nulligravida studied in Chapter 

Five.  

• Chapter Seven – Postpartum Study: involved three sessions re-testing a sub-set of the 

pregnant participants as postnatal carers to their infant child. The protocol duplicated 
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that used in Chapters Five and Six, with the introduction of a questionnaire about 

childcare and handling tasks.  

 

Participants 

Healthy women between the ages of 20-45 y, who had no self-reported history of LBD, were 

invited to participate in one of two test groups; women who had never been pregnant 

(nulligravida) and women in their first trimester of their first pregnancy (primigravida). All 

participants were recruited through media announcements, women’s health professionals, 

social media, social networks and word of mouth from existing participants. The media releases 

informed of the study requirements and invited contact via email. All respondent emails were 

acknowledged within 24 hours with the return email providing a Participant Inclusion 

Questionnaire (Appendix A) with direction on how to answer and return the form. This 

questionnaire recorded the respondent’s contact details, self-reported height and weight, and 

simple YES/NO responses to the inclusion criteria (listed below).  Following the return of the 

questionnaire, the participant was contacted with an invitation to continue, or a request for 

clarification of response or explanation of exclusion from the study, and an invitation to pass on 

the recruitment information. The women who met the inclusion criteria were then emailed with 

an invitation to join the study, the Research Information Sheet (Appendix B) and the Consent 

Form (Appendix C). Included in this information was the travel supplement program (providing 

refund of travel and parking expenses), list of available test session times and a comprehensive 

map of the location and parking area at the laboratory. Negotiation for the specific date and 

time of the first session was finalised either by telephone or email.  

General inclusion criteria required that participants:  

• were between 20-45 y of age, non-smokers, with no clinically diagnosed or self-

reported disease, illness or disability. 

• had a current or pre-pregnancy BMI within the normal range (between 18-25 kg/m2) 

• had a current or pre-pregnancy average 28-day menstrual cycle with no clinically 

diagnosed fertility abnormalities or treatments   

• had no previous clinically diagnosed or self-reported back pain or disability 

• were not using analgesics, sedatives or muscle relaxant medication 

• were not using oral contraceptive, fertility or hormonal therapies 

  



45 
 

General exclusion criteria were women: 

• with a history of LBD (not related to pregnancy) that had required medical investigation 

and management 

• who perform vigorous physical exercise more than five hours per week  

• using analgesic, muscle relaxant or sedative type medications on a regular basis 

 

Specific inclusion criteria for pregnant women were: 

• that they were experiencing a first, singleton pregnancy 

• between 8-12 weeks’ gestation at commencement of the study 

• that they had a naturally conceived pregnancy (i.e. no hormonal or IVF assistance)   

• that they would be available to continue the study for the duration of their pregnancy 

until 36 weeks postpartum 

 

Research Overview 

All testing was carried out at the (then) School of Sport Science, Exercise and Health at the 

University of Western Australia (now School of Human Sciences). One tester performed all data 

collection procedures for all studies. Participants were requested to attend the laboratory on 

three separate occasions corresponding to three different phases of the menstrual cycle 

(nulligravida; Chapter five) or the three trimesters of pregnancy (primigravida; Chapter six). 

Additional sessions were attended in the postpartum period for those women continuing in this 

phase of the research. For each visit, women were encouraged to wear two-piece garments 

(e.g., waist length top and leggings) during the test procedures to allow access for spinal markers 

and photography. Each visit lasted approximately 1 hour with participants being welcomed, 

seated and offered water before testing commenced. The data collection united a selection of 

standardised and validated protocols (outlined below and included at Appendix A). Data 

collection commenced with questionnaires; then anthropometric measures followed by lower 

back dynamic strength and function assessment and then blood sampling for serum relaxin. A 

“special notes” sheet was used during every sessional interview to record extra relevant 

personal information and ensure that all components of the test protocol (Appendix B) were 

completed. 

 

Self-Report Questionnaires 

Demographic information was collected and a number of self-reported questionnaires were 

completed. Some of the detail within the questionnaires was personal in nature so it was 
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essential for the participant and researcher to form a good relationship. To this end, all 

questionnaires were completed in a private room by the researcher on a one to one basis with 

the participant. 

Four questionnaires were used across the various studies, as follows. 

1. Demographic and General Health Questionnaire (Appendix D). This questionnaire was 

repeated for all test sessions with participant group specific changes (i.e., references to 

nulligravida, pregnant, postpartum made as appropriate). The questionnaires gathered 

information relevant to each participant group (day of menstrual cycle for nulligravida 

and gestational week for pregnant sample etc); as well as general demographics such as 

age, type of work and hours, exercise etc)  

2. Oswestry Low Back Pain and Disability Questionnaire (ODI) (Fairbanks & Pynsent, 2000) 

and Body Map (Appendix E). The ODI is a reliable instrument utilised widely by clinicians 

for establishing the level of a patient’s LBP/LBD (Davidson & Keating, 2001). It is a scaled 

response questionnaire designed to rate (from 0-5) perceived pain and functionality in 

relation to performing familiar lifestyle tasks. There is no question ambiguity, it is simple 

to respond to, and the patient’s total score provides an interpretation of probable level 

of pain and disability (Fairbank & Pynsent, 2000).  

3. Kessler Psychological Distress Scale (K10) (Kessler & Mroczek, 1994) (Appendix F). 

This is a scaled rating response questionnaire designed to assess non-specific 

psychological distress which may have occurred in the 4 weeks prior. The K10 was 

included because many population studies (Fillingim & King, et al., 2009) measuring the 

incidence and demographics of back pain and disorders in women, associate mental ill-

health, more specifically anxiety, depression and stress disorders with non-specific LBP. 

Respondents’ were required to rate (from 0-5) their level of nervousness, psychological 

fatigue, anxiety and depression. The K10 has been used extensively in research settings 

to identify psychological distress (Andrews & Slade, 2001).  

4. Childcare Activity Questionnaire (Appendix G). This questionnaire was used in Chapter 

seven only (postpartum sample). It comprised of scaled rating, demographic and 

qualitative responses to questions about common tasks in child care, equipment used 

during those tasks and perceived LBP/LBD associated with the tasks (Stewart, 2010).  
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Anthropometric Measures 

Rapid changes occur to a woman’s body during pregnancy and following child birth. It is likely 

that the shifting of the centre of gravity, a changing lumbar curve and the existence of abdominal 

diastasis, independently or combined, effect the biomechanical efficiencies of the torso and 

pelvic girdle, and may also be associated with LBP and dysfunction. Therefore, an 

anthropometric examination of each of these variables was conducted. Participants were tested 

without shoes for these body measures. 

 

Height, weight and girth measures 

1. Equipment:  Scales, height stick, tape measure 

2. Method: 

- Weight measured twice using electronic scales and recorded to the nearest 0.1 kg; 

- Height measured twice using stadiometer and record to the nearest 0.1 cm. 

Measurement was taken as the maximal vertical distance from the floor to the vertex of 

the head, with the torso manually stretched, and with heels, buttocks, upper back and 

back of head in contact with the wall (upright post), and participant looking directly 

forward; 

- Girths (chest, waist and hip) were measured using ISAK-approved protocols (ISAK, 2011) 

and recorded to the nearest 0.1 cm (waist girth for pregnant women was measured at 

the apex of the abdomen). 

 

Abdominal diastases  

Participant’s ability to lie, sit and stand unaided was checked. The pregnant group was checked 

to 24 weeks only, while the postpartum group was checked at the first test (8-12 weeks 

postpartum) and at subsequent visits if diastases remained. The never pregnant women were 

measured at the first visit only. The abdominal diastases were measured in accordance with 

Lemos et al. (2011). 

1. Equipment: Examination bench with disposable paper mats covering the surface; tape 

measure; non-permanent fine marker pen 

2. Method: 

- Participants lay on the bench in a dorsal decubitus position with feet on the bed 

approximately hip width apart, hips and knees flexed to approximately 45 degrees, and 

arms resting either side of the body;  

- The examiner marked the abdomen at 4.5 cm above the umbilicus, at the level of the 

umbilicus, and 4.5 cm below the umbilicus;  
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- The participant was asked to flex the trunk until the lower end of the scapulae no longer 

touch the bed; 

- At each flexion, the examiner palpated the medial edge of the rectus abdominis muscle 

borders, marked the edge with fine marker and, on relaxation, measured the distance 

between these marked borders; 

- The supra-umbilical and infra-umbilical parameters were similarly marked, measured 

and recorded. 

 

Lumbar curve marking and recording 

The lumbar curve was measured between T12 and S1 according to Kim et al. (2006). Adhesive 

body markers were used to identify the L5/S1 joint, and spinous processes of T12 and L3 for 

tracking and analysing angles. Participants were advised that this procedure required that the 

examiner’s hands palpate bony features on the lower back. 

1. Equipment: Non-permanent marker pen and adhesive perpendicular tracer markers for 

spinal joint, double-sided adhesive pieces, alcohol wipes. 

2. Method:     

- The participant sat on a chair and flexed forward relaxing over an examination bench;  

- Left and right posterior superior iliac spines were located and the first sacral vertebral 

spine (S1) was cleaned with an alcohol wipe and marked;  

- The spinous process of the 12th thoracic vertebra was palpated, cleaned and marked;             

- The spinous process of the 3rd lumbar vertebrae (L3) was then located, cleaned and 

marked; 

- Double-sided tape was used to secure markers to T12, L3 and S1;  

- Participants were positioned in an upright stance, feet hip width apart and with arms 

held crossed over their chest. A camera was set for an orthogonal lateral view at L3 level 

with shoulder and hip in view and two photos were taken. 

3. Analysis:  

- Images were downloaded to computer at end of each session. A line was drawn between 

the base points of the markers T12 and S1 and another line from L3 marker to each T12 

and S1 forming a triangle. The angle at L3 was recorded (Kim et al., 2006).  

 

Following the lumbar measurement, participants were checked for lumbar range of motion 

(ROM) a standard measure of lower back flexibility (Delitto et al., 2012), and fluency of motion 

(an important observational component of the lower back function testing). The confidence of 

participants to move through torso flexion/extension in frontal and lateral planes and torso 



49 
 

rotation in an upright stance also provided confirmation of the participant’s ability to advance 

to the strength tests.  

 

Lower Back Dynamic Strength and Function 

The isokinetic dynamometer, Biodex Multi-Joint System - ProC #850-000 with Biodex Advantage 

Software (V.4X) (New York, USA, 2007) was used for administering the test, and collecting and 

analysing data, relating to strength and function of the lower back. A Biodex computer file was 

created and saved for each participant. The software component of the Biodex (Figures 3.1 and 

3.2) was configured to test lumbar flexion/extension from a semi-upright position; and 

equipment accessories were adjusted to accommodate the variations in physique of pregnant 

and postpartum participants involved in this series of studies. 

 

 

 

 

 

Figure 3.1 Apparatus configuration and pelvic bracing for dynamometry testing with the axis aligned at 
the iliac crest and cross bar below the sternal notch. A pelvic strap secured the sacrum against the seat 
edge, isolating the trunk extension motion from gluteal muscle action. 
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The equipment pieces were selected so that the height of the crossbar was adjustable and the 

length was sufficient to span the width of the participants’ shoulders. The rotating handle on 

the cross bar was made from padded rollers taped together, thereby allowing participants a 

constant grip throughout the ROM. Participants were positioned with the Biodex axis adjusted 

so as to align with the left iliac crest, and the fixed seat edge positioned at the region of posterior 

superior iliac spine. To standardise and also reproduce lifting action the crossbar handle was 

positioned just below the sternal notch and participants were instructed to keep their arms and 

handle held tightly to their chest. A pelvic strap stabilised the participant in stance while also 

isolating the trunk extensor muscles. The strap also assisted in limiting flexion at the hip and 

knee joints, while disengaging the hamstrings and gluteal muscles from initiating trunk extension 

or pelvis rotation.  Participants maintained a straight-leg stance in line with the dynamometer 

axis and the feet were positioned “hip width apart”. These measures were implemented to 

replicate the loaded torso flexion and extension actions and postures adopted by operators 

when using baby change table equipment (Stewart, 2010) given that a significant number of 

surveyed women (n=411) strongly associated LBP/LBD with the nappy change task and use of 

this equipment. The equipment was configured to provide quick release and exit, easily freeing 

participants from the apparatus if they needed to stop the test.  A line from the fulcrum was 

painted onto the surface of the Biodex dynamometer at 25˚ from perpendicular (Figure 3.2), to 

indicate the angle at which participants held their flexed posture when completing the fatigue 

element of the test. This angle was determined from previous research (Stewart, 2010) that 

Figure 3.2 Participant demonstrating static 25° (from upright stance) trunk flexion/fatigue posture. 
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measured posture, reach and static forces on the lumbar spine of women working with a baby 

load on a waist-high changing surface. 

Test design 

The Biodex dynamometer was set up for a trunk flexion/extension protocol with concentric-

concentric contraction controlled at 30˚/s.  This was the lowest available dynamometer speed 

and was selected so resistance through the ROM was manageable and safe for all participants.   

The protocol involved a repeated test series to compare dynamic trunk extension strength and 

work capacity, both before and after a period of held posture. Participants performed six 

reciprocal trunk flexion and extension movements, followed by the held flexed posture for the 

specified time, then repeated these six repetitions.  The test sequence was commenced with the 

participant self-selecting a trunk flexion posture between 70-90o from upright, of which the 

Biodex setting then maintained that through the test.  

To mitigate LBD injury risk, the first two and last repetitions (reps) of each set of six were 

performed with minimal force. For the middle three test reps, participants were instructed to 

apply maximum (as tolerated) force through the full range of trunk extension, to end in an 

upright stance. Directly after the final pre-fatigue easy rep, participants lowered to the 25° trunk 

flexion marker and remained in this static posture for the designated fatigue period. When this 

was complete, the participants lowered to the flexed posture starting point and recommenced 

the post fatigue six rep cycle. On completion, the participant was then disengaged from the 

apparatus, given a light routine of lower back, shoulders and hamstring stretching and instructed 

to walk around the laboratory. 

Data collection and analysis 

The dependent variables for this test were peak strength, measured as peak torque (Nm); and 

work capacity through the ROM (i.e. sustained strength), measured as total work done (J). Each 

of the three maximum reps in the pre- and post-fatigue trials were recorded on an Excel 

spreadsheet for further analysis. 
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The Biodex Chart (Figure 3.3) was then used to assess the dependent variable data for each trial. 

The pre- and post-fatigue sets for every trial were accessed separately and each arc was isolated 

by moving the cursors A and B to differentiate the area being measured. Results for each trunk 

extension effort were automatically computed for peak torque and total work done by the in-

built Biodex software. Due to the wide range of individual strengths, the data were normalised 

for comparison (Biodex, 2007) by dividing both the peak torque and total work done values by 

the participant’s body weight (Nm/kg; J/kg). The test report was then generated on the 

computer with comprehensive evaluations printed for comparison and analysis (Appendix H). 

Each of the three maximum reps in the pre- and post-fatigue trials were recorded on an Excel 

spreadsheet for further analysis. 

 

Assessment of Serum Relaxin 

Venous blood samples (5 mL using BD Vacutainer SSTTM tubes) were collected via standard 

venepuncture at the antecubital vein at the end of each testing session for subsequent 

measurement of serum relaxin.  Participants were advised on care and concerns of the puncture 

site. All samples were coded with the participant identification number, date and test detail. 

Fresh blood collection tubes were then left at room temperature to stand for 30 min (to clot) 

before being placed in a centrifuge and spun at 1000 g to separate serum which was then 

extracted into an ampule, placed into a coded test batch box and stored in a restricted access 

Figure 3.3 Biodex Chart (2007), showing the two preliminary “warm-up” repetitions, followed by three maximum 
repetitions and a final “easy” repetition of trunk extension.  
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laboratory in study-specific storage cases inside a secure -80o C freezer. Blood samples were 

later analysed for relaxin using a commercially available assay kit following manufacturer’s 

instructions (Quantikine® Human Relaxin-2 Immunoassay DRL200 (2017) ELISA kit). 

 

Data Collation and Statistical Analysis  

Individual participant data for all testing sessions were recorded on MS Excel charts. Data charts 

were then reorganised into three phases for each study group; days of menses for nulligravida, 

gestational weeks for primigravida and postpartum weeks after delivery. Data were then 

transferred into Statistical Package for Social Science (SPSS, V20) to provide descriptive statistics, 

and comparison and correlation analyses.  

The main dependent variables of lower back strength and function were obtained as described 

above; however due to the large variation in individual strength levels between participants, 

these data were further transformed to a percentage value of the first pre-fatigue efforts in 

phase one (being 100%). All subsequent pre- and post-fatigue strength data were reported as 

percentages with respect to this initial value. Two-factor repeated measures analysis of variance 

(ANOVA) were used to assess main effects (pre- and post-fatigue, and between test occasions) 

and interaction effects for dependent variables. If significance was reached, post-hoc t-tests 

were used to confirm where the differences occurred, and all analyses were considered 

significant at an alpha level of (p < 0.05). The secondary dependent variables, including 

anthropometric measures and serum relaxin were all recorded as whole numbers, as were the 

scores for ODI and K10. Demographic data were also coded and entered to the SPSS file.  
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CHAPTER FOUR  

 

Study One: A pilot study to establish a protocol for assessing dynamic 

lower back strength and function in women performing 

a symmetric, sagittal plane lift 

 

 

INTRODUCTION 

Throughout the countries belonging to the Organisation for Economic Cooperation and 

Development (OECD), women between 35-54 y have the highest of all reported incidence of 

work-related LBD; and women in general account for around 20% more lost work time than men 

to this health problem (EASH, 2007; DePalma et al., 2012; ASCC, 2013; UKLF, 2016; WHO, 2016). 

Although risk mitigation strategies for back injury in MH have been widely established (NIOSH, 

2004; ILO, 2001; ASSC, 2007), there has been little reduction in this female dominated statistic 

(ILO, 2016). The need for gender-based analysis in work-health research has been recognised 

for at least 20 years (Messing, 1998; Johnson et al., 2009; Gallagher & Marras, 2012; Armstrong 

& Messing, 2014; Ritz et al., 2014), but with seemingly ineffective progress. Marras et al. (2002) 

made the point that, biomechanically, women are not just scaled down versions of men. This 

observation is constructive and has led to some further gender-based analysis of MH mechanics, 

however, few studies of work-associated LBD have observed the difference in the type of MH 

performed by women compared to men, and the subsequent biomechanical implications.  

Through the past five decades, the number of women in work has changed markedly, but 

generally speaking, the type of work women do has not (Sawer, 1996; Leino-Arjas et al., 2004; 

Baxter, 2013; Armstrong & Messing, 2014). Be it full-time or part-time work, employment of 

women remains largely in service-type industries. Significantly, women provide more than 80% 

of the employee population in one of the largest employment based industry sectors – health 

care, aged care and child care (ABS, 2007; Habib & Messing, 2012; OECD, 2014). In these work 

environments the MH is often responsive, reactionary and physical, with most tasks lacking 

definition and operator standards (Gratz et al., 2002; Sanders & Morse, 2005; King et al., 2006). 

This work involves long hours, live loads, awkward handling and emotional investment (Messing 

& Ostlin, 2006; Craig, 2011; Burnham & Theodore, 2012; Baxter 2013). Health care, aged care 

and child care workplaces are characteristically associated with high rates of absenteeism due 

to work related non-specific LBD. This LBD is most often associated with cumulative, insidious 

soft tissue damage (Kumar, 2001; Marras et al., 2002; Abboud et al., 2017) and likely the result 
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of biomechanical stresses from frequent submaximal load bearing (Marras et al., 2002; EASHW, 

2007; Marras et al., 2014). This is also the type of MH in non-paid (domestic) child care work 

(CCW), typically undertaken by postpartum and pregnant women (Sanders, 2004; Stewart, 2010; 

Habbib et al., 2012) of whom will have experienced rapid, hormone influenced, morphological 

change.  

The most commonly performed MH tasks in CCW (whether in a domestic setting, or for 

employment) are lifting, carrying and lowering a child. Through any 24 h period with a child 

under 2 y of age, the most frequently performed, quantifiable, domestic CCW task is changing a 

child’s clothes or nappy (NCT, 2004; Stewart, 2010). The most frequently used item of CCW 

equipment is the change table (Figure 4.1), a purpose built work surface recommended to be 

used at “waist height” (NCT, 2004; CHOICE ACA, 2018).  The task generally involves the carer 

lowering the baby to the change surface, remaining in trunk flexion while changing its clothes or 

nappy, then lifting the baby from the surface to continue on to the next task. The duration of 

the change task generally lasts 1-8 minutes (depending on the age and behaviour of the child), 

with a carer working in static trunk flexion for much of the time (King et al., 1996; Sanders & 

Morse, 2005; Stewart, 2010). The equipment design, as with other purpose-built infant nursery 

furniture and equipment, frequently impedes appropriate foot and knee placement, and 

restricts hip flexion, thereby compromising the operator’s work posture during lifting and 

lowering actions (Figure 4.1).  

There has been no previous reported research investigating dynamic trunk extension strength 

and function following a period of static trunk flexion posture as is experienced in this common 

CCW lifting task. In a gender comparison study of spinal loading in symmetric sagittal lifting, 

Figure 4.1 Three tier change table showing limited knee flexion and foot placement space. Baby load and 
equipment design dictate operator postures and actions throughout the task. (Image from CHOICE ACA, 
https://www.choice.com.au/babies-and-kids/baby-furniture/change-tables-high-chairs-and-
playpens/review-and-compare/change-tables. 2018) 
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Marras et al. (2002) used isokinetic dynamometry as part of the protocol to quantify dynamic 

lower back strength and function. In his experiment, participants’ use of the hips and knees were 

eliminated so as to isolate and measure the action of the posterior trunk muscles through trunk 

extension. Participants were measured while lifting two different weights through the range of 

motion at four controlled velocities. This design allowed for direct comparisons of strength (peak 

strength) and function (work capacity) between the male and female participant groups. Similar 

isokinetic test and test-retest protocols have been used in biomechanical assessments of lower 

back strength that involve both female and male participants (Thompson et al., 1985; Guilhem 

et al., 2014; Harding et al., 2017). Further studies have also shown isokinetic dynamometry to 

be a valid and effective method for assessing muscle strength and function through trunk 

extension (Kee, 2007; Guilhem et al., 2017). None, however, have assessed pregnant or 

postpartum women, nor reproduced the sequence of loaded dynamic trunk extension following 

a period of static trunk flexion posture as is experienced in this common CCW lifting task. Hence, 

there are no published precedence for testing functional lower back strength of women 

performing this common CCW lifting task, nor any quantified report of this type of sub-maximal 

muscle fatigue on trunk extensor motion in women.  

Accordingly, the primary objective of this study was to create a test protocol using isokinetic 

dynamometry to replicate, as close as possible, the dynamic trunk extension/loaded lifting 

action frequently adopted by carers when engaging with purpose-built nursery equipment to 

assist clothes or nappy changing, the most frequently performed MH task in CCW (Stewart, 

2010). More specifically, this study aimed to quantify functional trunk extension before and after 

several periods of static trunk flexion posture (the ‘fatigue’ protocol) in order to decide the most 

appropriate protocol to be used in subsequent studies of women performing this task. This 

lower back strength and function test protocol was required to accommodate pregnant women, 

postpartum women and women who have never been pregnant. It was hypothesised that lower 

back strength and function during trunk extension would vary in response to differing durations 

of static trunk flexion posture held at 25o from upright stance.  

 

METHODS 

The protocol for this pilot study employed Biodex dynamometry (as described in Chapter Three) 

in a test, re-test design measuring changes in lower back strength and function through six 

different periods of held trunk flexion (0, 30, 60, 90 and 120 s intended to induce trunk extensor 

muscle fatigue).  
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Participants 

Twenty-two healthy nulligravida women (mean age: 28.5 ± 4.5; height 166.0 ± 6.0; body mass 

58.0 ± 9.5) were recruited for this study in accordance with the participant inclusion description 

presented in Chapter Three. As there is no precedence for this strength and function protocol 

being tested on pregnant or postpartum women, there is no context for predicting the 

associated risk of injury for these potentially more physically vulnerable women, therefore only 

nulligravida participants were involved.   

Experimental overview 

The aim was to implement a simple and efficient test in which the fatigue element was 

sufficiently taxing (while minimising risk for related injury) so as to assess measurable change 

for each of the subsequent participant groups studied. Briefly, the Biodex dynamometer was set 

up for a trunk flexion/extension protocol with concentric/concentric contraction controlled at 

30˚/s.  This was the lowest available dynamometer speed and was selected so resistance through 

the range of motion was manageable and safe for all participants in subsequent tests.  The 

protocol involved a test-retest design comparing strength and function before and after five 

periods of trunk flexion fatigue; 0, 30, 60, 90 and 120 s. These times were selected based on the 

previous research by this author (Stewart, 2010) in which a self-responded questionnaire 

(n=411) provided information on the frequency and duration of a nappy change task involving a 

young child. The trials were completed in a random order, and participants were permitted a 

15-minute break at the end of each completed trial; the total session duration being 

approximately 90 minutes per participant. Under each of these conditions, participants 

performed six reciprocal trunk flexion and extension movements (2 reps x warm-up/minimum 

force, 3 reps x maximum force, 1 rep x minimum force), followed by the held flexed posture for 

the specified time, then a repeat of this six repetition sequence. 

Data collection and analysis 

Data for the two dependent variables – lower back strength (peak torque) and function (work 

capacity) were extracted as: 

• the Mean of the three maximum effort repetitions  

• the Best from three maximum effort repetitions  

• the First of three maximum effort repetitions  

The data for both dependent variables were imported into the SPSS (v20.0) statistical package.  

A two-factor repeated measures analysis of variance (ANOVA) was used to assess the main and 

interaction effects of Fatigue duration (five conditions) and Time (pre- and post-fatigue). Post-
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hoc t-tests were used to confirm where the paired differences occurred, and all analyses were 

considered significant at p<0.05. 

 

RESULTS 

All results are presented in Table 4.1 which combines the data from the ANOVA analysis with 

the subsequent post-hoc t-tests. A significant interaction between Time and Fatigue (p<0.002) 

was noted for each variable examined (mean, best and first repetitions for both strength and 

function). Mean strength was significantly reduced (post-fatigue decline) following the 30, 60, 

90 and 120 s fatiguing conditions; however, when the best effort was considered, only the 30 

and 60 s fatigue period produced a significant decline, and when the first effort was considered 

in isolation, only the 120 s fatigue period was detrimental to strength. For work capacity scores, 

a significant decrement in function was noted across all fatigue conditions for the 30, 60, 90 and 

120 s fatigue periods. The 0 s condition produced no decrement in strength or function for any 

of the variable conditions.  
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Variable 

         
                   Time x Fatigue  
                      Interaction 

                          
                               Fatigue Duration Condition 

                               

 

   

 
 

    
    F  

 
  Sig 

            0 s    30 s      60 s       90 s         120 s 
pre post pre post pre post pre post pre post 

mean 
(SD) 

mean 
(SD) 

mean 
(SD) 

mean 
(SD) 

mean 
(SD) 

mean 
(SD) 

mean 
(SD) 

mean 
(SD) 

mean 
(SD) 

mean 
(SD) 

Mean Peak Torque 
(Strength) 

 

 
PkT/Wt 
(Nm/kg) 

 
6.418 

 
p<0.001 

 
161.41 
(12.21) 

          
153.64 
(13.40) 

 
158.64 
(12.14) 

         a 
142.45 
(12.60) 

 
163.36 
(13.41) 

         a 
152.36 
(13.10) 

 
161.86 
(14.23) 

         a 
151.82 
(13.53) 

 
158.55 
(13.74) 

         a 
146.91 
(14.01) 

Mean Work Capacity 
(Function) 

 

 
WC/Wt 
(J/kg) 

 
7.961 

 
p<0.001 

 
174.73 
(15.72) 

 
164.68 
(15.94) 

 
174.55 
(15.92) 

         a 
154.45 
(15.79) 

 
175.45 
(17.20) 

         a 
161.73 
(15.88) 

 
176.55 
(17.28) 

         a 
160.59 
(15.98) 

 
174.14 
(18.96) 

         a 
157.95 
(18.01) 

Best Peak Torque 
(Strength)  

 

 
PkT/Wt 
(Nm/kg) 

 
6.157 

 
p<0.001 

 
175.27 
(12.56) 

 
164.05 
(13.57) 

 
170.73 
(12.61) 

          a 
154.59 
(13.30) 

 
180.45 
(14.36) 

        a 
164.73 
(13.52) 

 
174.09 
(14.96) 

 
163.95 
(13.96) 

 
167.77 
(14.14) 

 
161.68 
(14.64) 

Best Work Capacity 
(Function) 

 

 
WC/Wt 
(J/kg) 

 
7.883 

 
p<0.001 

 
186.64 
(16.10) 

 
176.59 
(16.78) 

 
188.50 
(75.41) 

         a 
167.91 
(15.83) 

 
192.00 
(17.84) 

         a 
175.36 
(16.59) 

 
186.45 
(17.49) 

         a 
170.27 
(16.38) 

 
191.64 
(21.35) 

         a 
173.95 
(19.88) 

First Peak Torque  
(Strength) 

 

 
PkT/Wt 
(Nm/kg) 

 
4.554 

 
p=0.002 

 
158.91 
(12.13) 

 
152.82 
(13.83) 

 
154.86 
(11.86) 

 
135.27 
(11.26) 

 
162.23 
(14.19) 

 
150.23 
(14.01) 

 
160.59 
(14.65) 

         
146.82 
(13.45) 

 
158.18 
(13.54) 

         a 
149.64 
(14.27) 

First Work Capacity 
(Function) 

 

 
WC/Wt 
(J/kg) 

 
7.403 

 
p<0.001 

 
172.27 
(15.69) 

 
163.64 
(16.25) 

 
172.36 
(16.11) 

         a 
157.05 
(17.30) 

 
171.86 
(17.13) 

         a 
158.50 
(16.52) 

 
176.14 
(17.20) 

         a 
156.36 
(15.31) 

 
177.36 
(19.01) 

          a 
159.59 
(17.51) 

a = significant difference between pre- and post-fatigue scores (p<0.05) 
Mean = average of the three maximal repetitions 
Best = highest score of the three maximal repetitions 
First = the initial score of the three maximal repetitions 

Table 4.1. Summary of outcomes for all dependent variables using two-factor repeated measures ANOVA and post-hoc t-tests to reveal significant (p<0.05) changes in lower back 
strength (PkT/Wt) and function (WC/Wt) from the interaction of Time (pre- and post-fatigue reps) and Fatigue (duration of held trunk flexion) 
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DISCUSSION 

There has been no previously reported study of dynamic lower back strength and function 

involving pregnant and postpartum women; women who have unusually high rates of LBD and 

who are likely to engage frequently in CCW. The work of childcare is typically integrated with 

the use of purpose-built furniture and equipment. Previous observational studies have 

described the likelihood of LBD associated with CCW, so it was important to create a test 

protocol that reproduced these actions and postures safely. Accordingly, the purpose of this 

study was to establish a protocol which would be safe for pregnant and postpartum women; 

reproduce the actions of a common lifting scenario and provide a measure of lower back 

strength and function before and after a period of held trunk flexion. The women tested in this 

study were healthy and had never been pregnant, but future use of this protocol was planned 

for testing of nullipara, pregnant and postpartum women. The safety components of this test 

protocol were built into the design of the Biodex equipment, with a quick release harness 

designed for this test, the slow speed set for the isokinetic action, and the incorporation of two 

preparatory repetitions and one sub-maximal repetition before and after the maximal efforts 

When lifting a baby from a change table the operator adopts a flexed trunk posture, then 

reaches to grasp and lift the baby by extending the trunk to an upright position. In such a 

scenario, the risk of soft tissue injury in the lower back might be increased due to fluid creep and 

the increased load from the operator’s posture, as well as the added load of the baby. The load 

on the vertebral column may also be heightened because of the posture restrictions on the 

operator due to common change bench designs that prevent effective use of thigh and leg 

extension. These factors were understood and injury risk was mitigated in the design of the trunk 

extension protocol (see Chapter Three for more detail). Despite this risk mitigation strategy, it 

was important to create a test protocol that closely duplicated the work place action. Reporting 

on the mean of the three maximal repetitions, the best of three maximal repetitions and the 

first of three maximal repetitions and, using both body weight-normalised peak torque and total 

work capacity, provided different ways of considering the data.  

The test results showed that as little as 30 s of held trunk flexion (isometric contraction; which 

is assumed to induce some degree of postural fatigue) generally resulted in a reduction of trunk 

extensor strength and function. Extending the duration of fatigue from 30 s to 120 s did not 

seem to further increase the post-fatigue decline. Whether a greater fatigue deficit would be 

seen with extended durations beyond 120 s remains to be determined. In reviewing the 

individual test variables (Mean, Best and First of the three maximum repetitions), the Best and 

the First repetitions varied greatly between individuals. Furthermore, since the initial post-

fatigue trunk extension actions were minimum effort repetitions, the fatigue effect on trunk 
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extensor muscles during the maximal efforts may have been mitigated. Therefore, the Mean of 

the three maximal efforts was considered less likely to be influenced by inter-individual 

differences in test strategy, and therefore is recommended for use in subsequent studies, 

including those subsequent studies presented in this thesis.  

When deciding the most appropriate duration of held flexed trunk posture, consideration had 

to be made for mitigating LBD risk, while at the same time obtaining a meaningful test outcome. 

A further consideration was that pregnant and postpartum women were likely to be at higher 

risk of lower back injury than the healthy participants of this study. Although all held postural 

fatigue conditions elicited statistically significant outcomes, the 30 s hold was considered 

unrealistic for the task, as it does not reflect the average duration of held posture when changing 

a baby’s nappy or clothes (Stewart, 2010). The 60, 90 and 120 s Mean post-fatigue outcomes 

elicited similar and significant results. Therefore, the 60 s fatigue protocol was selected for use 

in the subsequent studies as it reduced both the test duration and, potentially, the risk of low 

back injury. 

 

CONCLUSION 

The hypothesis for this pilot study was partially proven in that changes in lower back strength 

and function did occur as a result of a period of static postural fatigue; however, the duration of 

the held static flexion did not appear to have an ordered impact, especially for the 60, 90 and 

120 s fatigue periods. Subsequent studies in this program will adopt the 60 s fatigue protocol as 

it represents the most consistent mean decrement across the trials; it optimises the procedural 

time efficiency, and is likely the most LBD risk averse for the testing of pregnant and postpartum 

women.  

 

 

 



62 
 

CHAPTER FIVE  

 

Study Two: Dynamic lower back strength and function across the 

menstrual cycle in nulligravida women performing a common lifting task 

 
 
 

INTRODUCTION  

Although sex differentiation of musculoskeletal anatomy in men and women is well defined, 

when assessing load bearing work and risk of LBD, the functional and biomechanical implications 

of the different morphologies have rarely been comprehensively assessed (Marras et al., 2002; 

Lu et al., 2016). Of the few published studies that have examined sex differences in lower back 

strength and function in lifting; some authors have suggested that apart from a difference in 

body size and muscle strength, men and women have different muscle activity and movement 

patterns in response to trunk loading and a different response in posterior trunk muscle fatigue 

(Marras et al., 2002; Dahlberg et al., 2004; Nordander et al., 2008; Hooftman et al., 2009). 

Considering the female trunk typically has smaller vertebra, a more anteriorly curved lumbar 

spine, and a broader shape and anterior orientation of the pelvis, a functional difference in load 

bearing between men and women should not be surprising. However, to more fully understand 

the nature of manual work related LBD in women, there are additional factors that require 

consideration, including the effect of reproductive hormones that influence female morphology, 

and possibly the way women's bodies respond biomechanically and physiologically to load 

bearing. 

Sex differentiation is implicit from puberty after which time, until menopause, the female body 

is in a virtual cycle of hormone-induced morphological change (Cooper et al., 1996; Shultz et al., 

2005; Ahrens et al., 2014). For most women, the development milestone of puberty introduces 

the rapid elevation of female reproductive hormones and subsequently a rapid change in body 

shape. Coinciding with the commencement of the menstrual cycle, many young women also 

experience their first manifestation of a cyclic LBP and reduced lower back function 

(Wedderkopp et al., 2005; Lardon et al., 2014). For some women, the menstrual cycle is also 

accompanied by alterations in physical and/or emotional wellbeing (Fink et al., 1996; Amin et 

al., 2005, Kamper et al., 2016). These variables are influenced by changing levels of female 

reproductive hormones, of which estrogen and progesterone are the most conversant. 

However, accompanying the classic 28 day cyclic rotation of estrogen and  progesterone is serum 

relaxin, a hormone that stimulates the degredation and synthesis of collagens l and ll, the 
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foundation proteins composing ligaments, cartilage and tendon tissues (Eiling et al., 2007; 

Pearson et al., 2011). Serum relaxin works in synchrony with estrogen and progesterone, being 

stimulated by the spiking of estrogen at ovulation and eventually suppressed by progesterone 

late in the luteal phase of the menstrual cycle (Figure 5.1). The increase in serum relaxin between 

ovulation and the luteal phase is reportedly the catalyst to the degredation in ligamentous tissue 

of the pelvis; in preparation for potential pregnancy (Bathgate, 2013).  

 

  

Research on sex differences in sporting injuries has found elevated levels of serum relaxin in the 

anterior cruciate ligament (ACL) of sports women (but not men) with ACL tears (Dragoo et al., 

2011b). This outcome is also thought to have some relationship with the significantly higher rate 

of knee injuries in women than men (Hewitt et al., 2006; Beynnon et al., 2008; Hooftman et al., 

2009; Dragoo et al., 2011; Lefevre et al., 2013).  Although there is some evidence of fluctuations 

in pelvic and hip laxity during the luteal phase (Kristiansson et al, 1996; Palajwala et al., 2001), 

to date, a relationship between serum relaxin and ligament laxity in the lumbar spinal joints has 

not been reported; nor is there any research investigating manual work-related LBD and the 

temporal association with serum relaxin. Examining the phases of the menstrual cycle, changing 

 
Figure 5.1 This chart was reproduced from: Reece and Casey, (2015) (Figure 2.1, p 20).  
Typical fluctuations of hormones across the menstrual cycle. There is significant intra-person 
variation in the concentrations of the hormones, so this graph represents the upper level of serum 
concentrations of Relaxin, Estrogen, Progesterone and Testosterone. 
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serum relaxin levels and lower back strength and function seems therefore, essential when 

investigating the risk of work-associated LBD in women. It is important to note though, a 

woman’s physiological response to the production, circulation time and concentration of 

hormones is unique to each individual and can vary over time and circumstance. Therefore, it is 

difficult to make comparisons between studies with much certainty (Ahrens et al., 2014; Reece 

& Casey, 2015; Shultz, 2017; Herzberg et al., 2017). There is evidence to suggest these hormone 

responses may also differ according to ethnicity (Kim et al., 2017). Furthermore, measuring and 

comparing findings between various studies is likely confounded by the use of different 

protocols and assays when analysing blood samples (Bathgate, 2013). Consequently, there are 

inherent difficulties in this sex-specific research and it’s likely that, because of the numerous 

factors potentially involved for women in MH work, much of the previous research is probably 

incomplete, or the results not fully understood. This is particularly so for the type of care-based 

manual work that the majority of women will experience as their life progresses through the 

reproductive phases.  

Cyclic changes in anthropometry (trunk girths and lumbar lordosis), LBP, LBD, health and 

wellbeing in nulligravida women are also variables not commonly assessed in relation to MH 

tasks, lifting design limits, or LBD research. Accordingly, the aims of this study were: 

• To determine if there are deficits in dynamic lower back strength and function 

following a period of static trunk flexion posture;  

• To determine if the outcomes of dynamic lower back strength and function change 

through three phases of the menstrual cycle (Menses/Follicular, Ovulation, Luteal); 

• To determine if the outcomes of dynamic lower back strength and function change 

with variations in serum relaxin, lordosis, trunk girths or perceived mental and physical 

health.  

The findings may have implications for the risk/vulnerability to LBD in nulligravida women at 

certain times during the menstrual cycle. If so, temporal changes in serum relaxin, lumbar 

lordosis, back strength and function may assist in characterising key LBD risk indicators. These 

findings will aid the understanding of LBD risk implications for women regularly performing the 

high demand care work of CCW in which almost 50% of workers (mostly women) in this industry 

report sprain/strain-related LBD (Brown & Gerbrich, 1993; Owen, 1994; Calabro et al., 2000; 

King et al., 2006; McGrath, 2007). A further aim of this study is to provide control data for 

comparison in subsequent studies of pregnant and postpartum women within this research 

program. In so doing, we hypothesise that there will be observed deficits in dynamic lower back 

strength and function in nulligravida women resulting from a period of held flexed posture. 
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These deficits will be temporally associated with changes in menstrual phase, levels of serum 

relaxin, lordosis and perceived mental and physical health.  

 

METHODS 

This study was designed to measure the change in strength and work capacity of the posterior 

trunk muscles through dynamic extension following a 60 s period of held trunk flexion across 

the menstrual cycle. We also assessed the accompanying changes in several secondary variables 

including the concentration of serum relaxin, lumbar lordosis, the perception of LBP/LBD as well 

as self-reported emotional and physical health. Data were gathered on three occasions 

corresponding to the three main phases of the menstrual cycle (follicular, ovulation, luteal) over 

a 6-month period. A full description of methodology, recruitment, inclusion and exclusion 

criteria, procedures and statistical analysis has been presented in Chapter Three. 

Participants 

Twenty-one women aged 20-40 y completed the study (mean ± SD: age = 27.5 ± 4.0 yr; height = 

168.0 ± 6.5 cm; body mass = 62.0 ± 8.5 kg).  These women had never been pregnant or 

experienced chronic back or joint injuries; and didn’t habitually smoke, use analgesia, sedatives 

or hormonal contraception. Participants attended three test sessions, with each visit lasting 

approximately 1 hour.  

Data Analysis 

Excel spreadsheets were used to record all participant data. Dependent variables for back 

strength and function were recorded using the methodology described in Chapters Three and 

Four. Taking into account individual strengths and performances, all peak strength (PkT) and 

work capacity (WC) scores were normalised by dividing the raw score by the participants’ body 

weight. Because the broad range of individual scores, these data were further standardised to a 

percentage value with respect to the first pre-fatigue efforts in the menses/follicular phase. 

Serum relaxin levels were recorded as whole numbers, as were the scores for Oswestry Disability 

Index (ODI) and Kessler Psychological Distress Scale (K10) (see Chapter Three). Demographic 

data were all coded and entered, and the day of menstrual cycle was noted.  

Data charts were then reorganised into three phases: Phase One (menses/follicular) days 1-11; 

Phase Two (ovulation) days 12-16; Phase Three (luteal) days 17-28. The data sets for each 

participant were then transferred into Statistical Package for Social Science (SPSS, v20.0) for 

analysis. All results were compared between fatigue conditions (Pre-Post) and between the 
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three menstrual cycle phases (Time) using a two-factor, repeated measures ANOVA. If 

warranted, post-hoc t-tests were performed and significance was accepted at p<0.05.  

Mean serum relaxin analysis was reported for the total group across the three phases of the 

menstrual cycle. To review the results more closely, however, the lower back strength and 

function outcomes were examined for sub-groups based on the individual serum relaxin 

responses during the luteal phase. These sub-groupings were represented as “Low” (n=8) serum 

relaxin values 3-6 pg/ml; “Mid” (n=6) serum relaxin values 7-11 pg/ml; “High” (n=7) serum 

relaxin values 19-52 pg/ml. Due to the low sample size, observations were made on these data, 

rather than performing statistical analyses. In addition, further observations were made on 

participant ethnicity and the possible relationship between serum relaxin level in the luteal 

phase and lower back strength and function. 

 

RESULTS 

The outcomes for the primary variables of interest, lower back strength (PkT) and function (WC) 

through dynamic trunk extension across the three phases of the menstrual cycle are presented 

in Table 5.1 (and Figure 5.2). There was no significant interaction of menstrual phase and time 

(pre-post fatiguing task) on lower back strength or function (p = 0.769, p = 733 respectively). 

Likewise, there was no significant main effect of menstrual phase or the fatiguing task (pre-post 

fatiguing task) on either of the primary variables, although comparing the differences between 

pre-to-post fatigue for each variable within each phase, the greatest deficit appeared to be in 

the ovulatory phase (albeit not statistically significant). Figure 5.2 presents the change in lower 

back strength and function during the 4-day ovulation phase, highlighting the visual deficit in 

function (WC) between the pre-to-post fatigue cycle. 

The self-reported scores for the secondary variables of interest; LBP/LBD, ODI and K10 are 

presented in Table 5.2. There were no significant differences in LBP or LBD between phases of 

the menstrual cycle, however, it should be noted that LBP and LBD were reported more 

frequently (anecdotally) in the luteal phase. The ODI and K10 were both scored from 0-50 and 

ratings for both were low across the three phases of the menstrual cycle with no significant 

differences. There were also no significant changes in group means for the angle of lumbar 

lordosis, however the SD in each phase indicated high individual variability in these scores. 
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Table 5.1  Mean percentage scores (±SD) and two-factor repeated measures ANOVA summary for 
strength and work capacity in trunk extension, pre- and post-fatigue, across three phases of the 
menstrual cycle (n=21). 

Variable 
Menses/Follicular Ovulation Luteal 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

Weight-normalized 
peak torque (%) 

   

 Pre-fatigue 100.0 
(0.0) 

103.2 
(32.8) 

101.8 
(38.4) 

 Post-fatigue 101.5 
(16.6) 

97.4 
(30.6) 

100.6 
(34.1) 

    
Weight-normalized 
work capacity (%) 

   

 Pre-fatigue 100.0 
(0.0) 

103.1 
(41.7) 

101.4 
(46.2) 

 Post-fatigue 99.4 
(19.0) 

93.3 
(34.9) 

98.0 
(41.0) 

 

Variable / Main Effect F P 
Weight-normalized 
peak torque (%) 

  

 Phase 0.016 0.984 
 Pre-Post Fatigue 0.074 0.786 
 Interaction 0.263 0.769 
   
Weight-normalized 
work capacity (%) 

  

 Phase 0.042 0.958 
 Pre-post Fatigue 0.312 0.579 
 Interaction 0.312 0.733 

P values shown in bold denote significance at p<0.05. 
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Variable 
Menses/Follicular Ovulation Luteal 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

Low back pain 
0.4 

(0. 7) 
0.4 

(0.7) 
0.6 

(1.0) 

Low back disability 
0.8 

(1.1) 
0.8 

(1.3) 
1.0 

(1.2) 

K10 score 
3.4 

(4.8) 
3.5 

(4.6) 
3.9 

(4.4) 

Lordosis (degrees) 
20.0 
(6.0) 

19.8 
(5.3) 

19.8 
(7.0) 

Serum Relaxin (pg/ml) 
4.3 

(0.48) 
4.5 

(1.3) 
15.8 a 
(15.1) 

 

Variable  F P 

Low back pain 0.833 0.442 

Low back disability 0.241 0.787 

K10 score 0.093 0.911 

Lordosis 0.032 0.968 

Serum Relaxin 12.027 <0.001 

P values shown in bold denote significance at p<0.05. 
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Table 5.2  Mean scores (±SD) and repeated measures ANOVA summary for secondary outcome 
measures across three phases of the menstrual cycle (n=21). K10 = Kessler Psychological Distress 
Scale. a = significant difference (t = -3.434; p = 0.003) between ovulation and luteal phases.  

 

Figure 5.2 Mean (±SE) peak strength (PkT) and function (WC) through dynamic trunk 
extension across the phases of the menstrual cycle; comparing scores for before and 
after static flexed posture (n=21).  
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There was a main effect of phase of menstrual cycle on serum relaxin concentrations (p < 0.001; 

Table 5.2). Post hoc analyses revealed that there was no significant difference in the group mean 

concentrations of serum relaxin between the follicular and ovulatory phases of testing and the 

SDs were small (Table 5.2). However, a significant elevation (p<0.001) in serum relaxin occurred 

in the luteal phase of the menstrual cycle, with the range in individual serum relaxin 

concentrations varying widely from 3.63 pg/ml to 51.41 pg/ml (Figure 5.3).   

Serum Relaxin Groups 

Acknowledging the lack of comprehensive research in the subject matter and the variation in 

individual scores of serum relaxin concentration within the luteal phase, three sub-groupings 

(Low, Med and High) were derived from the individual responses for further commentary.  All 

primary and secondary variable outcomes for the luteal phase were then compared subjectively 

within these groupings. Figure 5.4 indicates the sub-group mean differences in lower back 

strength and function during the luteal phase. This graph shows that, during the luteal phase, 

the “High” serum relaxin group appeared to improve in peak strength and WC after the postural 

Figure 5.3 The range of individual scores (n=21) for serum relaxin across the three menstrual cycle 
phases: Ph1=Days 1-11; Ph2=Days 12-16; Ph3=Days 17-28. 
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fatigue. The mean scores for the “Mid” and “Low” sub-groups indicated the post-fatigue peak 

strength and WC declined. 

 

Figure 5.5 presents the secondary variable scores for the three sub-groups resulting from the 

luteal phase relaxin categorisation. There were no obvious visual differences in these self-

reported secondary variables between groups. The “Low” luteal relaxin response sub-group 

appeared to score the highest ODI (mean=8) and K10 scores, but these elevations were primarily 

due to two participants who also scored high in the ODI during the ovulation phase. 

 

  

Figure 5.4 Changes in peak strength (PkT) and function (WC) pre- to post-fatigue during the luteal 
phase of menstrual cycle for High (n=7), Mid (n=6), Low (n=8) response groups for serum relaxin (R-2). 
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Figure 5.5 Perceived lower back pain (LBP) and disability (LBD), ODI and K10 responses, and 
lumbar lordosis during the luteal phase of the menstrual cycle for High (n=7), Mid (n=6), Low (n=8) 
response sub-groups for serum relaxin (R-2).  
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Ethnicity Groups 

Organising and reviewing serum relaxin data by participant ethnicity produced four sub-groups: 

Caucasian (n=10), Asian (n=5), Indigenous African (n=3) and Hispanic/Latino (n=3). These 

groupings were too small to compare statistically, however Figure 5.6 presents the mean serum 

relaxin score for each of these ethic groups. The six highest luteal phase concentrations of serum 

relaxin occurred in the Hispanic/Latino and indigenous African participants.  

 

 

DISCUSSION  

Until relatively recently, men and women have been provided similar advice in relation to 

manual and load bearing work, with industry weight and lifting guidelines and standards 

adjusted down to meet the smaller physical size and strength capacity of women (NIOSH, 2004). 

However, with the high rate of work-related LBD in women, the type of manual work generally 

performed by women having different demands than that performed by men, and the recent 

discovery of serum relaxin implicated in joint laxity injuries of women, there are unique 

characteristics for women in load bearing work that need to be more fully understood. The key 

aim of this study was to examine how factors that may contribute to vulnerability for nulligravida 

women to work-related LBD may change across the menstrual cycle. In so doing, this study 

primarily assessed dynamic back strength (peak torque) and function (WC) of nulligravida 

women performing a simulated lifting action (trunk extension) following a period of held trunk 

flexion which reproduced a task common to the load bearing work in health, community and 

childcare industries. An important focus was to examine changes in performance that may be 

0
5

10
15
20
25
30
35
40
45
50

Caucasian (n=10) Asian (n=5) Ind. African (n=3) Latino (n=3)

Se
ru

m
 R

el
ax

in
 p

g/
m

l

Four Ethnic Groups

Mean Serum Relaxin for Four Ethnic Groups 
Through Luteal Phase 

Figure 5.6 Group mean scores (±SD) for serum relaxin in four sub-groups: Caucasian (n=10), Asian 
(n=5), Indigenous African (n=3) and Latino (n=3) across the luteal phase.  
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associated with phases of the menstrual cycle and, if such changes were present, to investigate 

whether these changes were associated with other variables common to women during their 

reproductive years. These included self-reporting of physical and mental wellness and self-

reported LBP/LBD; as well as measuring physical characteristics including lumbar lordosis. To 

this end, testing was performed through the three phases of the menstrual cycle; follicular, 

ovulatory and luteal. 

On face value, interpretation of the primary outcome results for dynamic, loaded back strength 

and function, revealed no statistically meaningful change in strength or function, either between 

or within each of the three test phases. The ensuing analysis was based on normalised data to 

cater for individuals of varying strength. The standard deviation values provided some indication 

of the range of strength and function scores for this cohort. This underlines the difficulty in 

achieving statistical significance in this population with a small sample. Other studies within this 

discipline have used relatively low participant numbers (Kumar, 2001; Marras et al., 2002; 

Deheghan et al., 2006) and yet did report statistically meaningful differences in outcome 

variables. The data analysis for the present study included separate values for participants in 

three menstrual phases. This methodology may have revealed greater individual diversity during 

a particular phase which could be viewed as advantageous over previous studies.  

Other hormone-based studies have suggested that women adapt fluidly and respond to changes 

within and between their menstrual cycles, which can augment the disparity of results in a 

grouped test cohort, regardless of the sample size (Ahrens, 2013; Billings, 2013). However, 

within our study, where several participants who were capable of performing this dynamic trunk 

extension protocol energetically and with great strength for two of the three tests, but then 

experienced malaise and LBP/LBD affecting their ability to perform to the same level for one of 

the three tests. These individual aberrations are not revealed in the group results as presented 

in this study, except perhaps via the standard deviation scores. 

In the pilot study (Chapter Four), the back strength and function protocol was tested following 

five differing fatigue periods which elicited a clear difference in pre- to post-fatigue results. The 

pilot protocol was a one-off test session with the same participant inclusion criteria as for this 

study, and with participants completing the randomised selection of five scenarios with a 15-

minute rest between tests. These tests results were not divided into menstrual phases, just 

taken from one normalisation reduction (effort/weight) of raw data. The results showed little 

difference between the fatigue periods but all fatigue sets revealed a group mean outcome of a 

statistically significant pre- to post-fatigue deficit in performance. The aim of the pilot study was 

to decide on the optimal postural fatigue time, but the difference in outcomes between the two 

studies does create questions that need further exploration. It is also important to acknowledge 
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that when this task is being performed in a real-life work setting, presumably the lift will follow 

directly after the fatiguing posture (rather than having a buffer of two controlled, sub-maximal 

repetitions), which may have implications for soft tissue creep and other biomechanical 

perturbations. 

Serum relaxin was an important secondary variable of interest in this study because it is the 

primary enabler of the “softening” of pelvic joints in pregnancy and has been implicated as the 

hormonal link to joint laxity injuries in women, but not in men. The production of serum relaxin 

is hastened by the reduction of estrogen from peak ovulation and is moderated by the elevation 

of progesterone during the late luteal phase. The serum relaxin concentration results from this 

study reflect the previously documented changes in serum relaxin across the menstrual cycle 

(Figure 5.1); with a significant increase in mean serum relaxin in the luteal phase as expected. 

However, the question of whether group changes in loaded dynamic back strength and function 

have a temporal association with changes in serum relaxin for this test cohort, has not been 

answered. Nor has there been results indicating a relationship between serum relaxin and any 

of the secondary variables. Our data showed small (non-significant) differences in low back 

strength and function between menstrual phases, but these were outweighed by the spread of 

scores indicating too low statistical power. 

Variation in female reproductive hormones is often a confounding factor for many studies 

concerning women’s reproductive health, so it was important to try to understand the 

complexities and to further explore these data.  To this end, the study reviewed the luteal phase 

serum relaxin data for: 1) serum concentration groupings; and 2) according to ethnicity of 

participants.  Individuals were organised into three groups based on serum relaxin 

concentrations (Figure 5.3) – “High, “Mid” and “Low”. These sub-groups were too small to 

perform meaningful variance analysis, however, the “Mid” and “Low” groups appeared to show 

deficits in both low back strength and function between the pre- to post-fatigue sets, whereas 

the “High” group appeared to improve performance following the fatigue posture (Figure 5.4). 

This outcome is perhaps counterintuitive given the cause/effect theory of high levels of serum 

relaxin and degradation of ligament strength. Accordingly, more research with a larger sample 

size is needed to better understand these preliminary results.  

When attempting to create some benchmark for predicting ACL injury in women, Dragoo et al. 

(2006), concluded that concentrations of serum relaxin above 6 pg/ml significantly increased the 

potential for ACL laxity injury. Again, it is difficult to know if this information is applicable to our 

results because of the need for exacting serum analysis protocols to compare between studies. 

However, given that the “High” serum relaxin group was between 19-52 pg/ml, the “Mid” was 
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7-11 pg/ml and the “Low” was 3-6 pg/ml, Dragoo’s (2006) estimations may not necessarily be a 

reliable associate of change in dynamic back strength and function.  

Previous research has also indicated that biomechanical perturbations of the female knee joint 

are greatest 3-4 days following the decline of estrogen and prior to the rise of progesterone 

(Hashem et al., 2006; Dragoo et al., 2009; Fleming et al., 2011). Both of these hormone cycles 

are reportedly catalysts for the rise and fall in serum relaxin concentrations, but are subject to 

the individual responses to fluctuating hormones, thereby reinforcing that some women are 

exposed to a greater risk of ligament injury than others. The rapid and significant increase in 

serum relaxin during the luteal phase of this study was observed, but seemingly not concurrent 

with decreases in strength and function post-fatigue.  

 

CONCLUSION 

This study revealed, for this group of 21 healthy nulligravida women, that there were minimal 

changes in loaded dynamic trunk extension strength and function associated with changing 

phases in the menstrual cycle and the associated variation in serum relaxin concentrations. 

Additionally, apart from the significant rise in serum relaxin in the luteal phase, there were no 

other significant changes in LBP, LBD, K10 or lordosis across the menstrual cycle phases. With 

regard to these group results, the hypothesised temporal changes to back strength and function 

was not demonstrated. The variation in individual results within this study, suggest that trunk 

extensor strength and function is a highly individual response and unfortunately, the size of this 

sample did not provide sufficient statistical power to reach incontrovertible conclusions.  

The outcomes and subsequent new questions raised from this study strengthen the observation 

that some women who are involved in complex care work such as child care may, at times of 

changing hormones, be more vulnerable to LBD risk than their “individual normal”. Because of 

the small sample size, the nature of this testing protocol and ethical imperative to mitigate 

injury, it is difficult to determine who is vulnerable, how much work is too much and what other 

indicators might predict a temporary weakness in lower back strength and function. Regardless, 

this study reinforces the recommendation that the sexes be examined separately in MH tasks 

(Marras et al., 2002; Messing et al., 2003; Wang et al., 2005; Habib, 2012; Ritz et al., 2014; 

Marras, 2016), and highlights the need for more comprehensive research specific to the 

ergonomics of women involved in MH work.   
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CHAPTER SIX 

 

Study Three: Dynamic lower back strength and function in primigravida 

women performing a common lifting task 

 
 

INTRODUCTION  

Since the mid-1960’s, society has witnessed a rise in the number of women in paid work to the 

current situation where, in the Organisation for Economic Cooperation and Development 

(OECD) countries, women comprise approximately 50% of the total workforce (40% of the full-

time and almost 70% of the part-time workforce) (WEF, 2013; ILO, 2016; GRS, 2017). The largest 

employer groups of women are the health and community care and general service industries. 

These types of work tend to comprise non-standardised physical activity (manual work) and 

generally involve interaction with people including the elderly, the sick and the young (ABS, 

2009; Armstrong & Messing, 2014; WHO, 2016; GRS 2017). Recent social trends research of 

women’s roles in the home, describe a similar work regime in that female homemakers, whether 

single, pregnant or having had children, are most likely to take responsibility for the majority of 

homemaking and care tasks (Messing & Caroly, 2011; GRS, 2017; HRC, 2017). This includes the 

80% of women who become pregnant (OECD, 2014; ABS, 2013), most of whom will be working 

to within the last few weeks of gestation (Laughlan, 2011; Pompeii et al., 2011); and half of these 

women will already be the mother of at least one young child (WEF, 2013; OECD, 2014; Baxter, 

2016).  

The general OSH advice currently given to pregnant women performing MH is mostly directed 

toward fetal health. The American Medical Association (AMA, 1984) guidelines for medical 

practitioners treating pregnant workers, indicate that unencumbered lifting is permitted for 

pregnant women up to 20 weeks’ gestation; intermittent lifting up to 23 kg is permitted for 

between 20-24 weeks; and after 30 weeks’ gestation, intermittent lifting of up to 11 kg is the 

safe weight lifting limit. Thirty years later and these particular guidelines are reportedly still 

advised to general practitioners (Waters et al., 2014). However, the guidelines fail to address 

other important variables in relation to women performing trunk loading tasks during 

pregnancy, such as the type of non-standard MH often performed by women, and the 

physiological effects of rapidly changing reproductive hormones on the pelvis and lower back 

(MacDonald, 2013). More recently, contributors to the original NIOSH recommended weight 

limits (RWL) for manual lifting (NIOSH, 1999), observed the need for additional, specific 
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instruction to pregnant women involved in work place lifting. They also reviewed the previous 

RWL, producing a more comprehensive scope of lifting limits to suit pregnant women 

(MacDonald et al., 2013; Waters et al., 2014). Figure 6.1 shows the proposed provisional NIOSH 

RWL, in which waist girth, the height of the lifting surface, the efficiency of coupling, the 

horizontal reach distance to the load, as well as frequency and duration of the lifting work are 

analysed for the average healthy pregnant woman. The aim of this updated information is to 

determine safe load limits and provide more direction to medical practitioners, employers and 

women involved in lifting work (MacDonald, 2013; Waters et al., 2014). 

 

 

The authors of the provisional RWL (MacDonald et al., 2013; Waters et al., 2014) acknowledge 

that these guidelines do not account for women with LBP/LBD during pregnancy and suggest 

that practitioners make their own informed judgement on these points. However, 

notwithstanding the intention of the updated information to be a preliminary initiative, up to 

80% of women will experience LBP/LBD during pregnancy which often commences in the first 

trimester (Wang et al., 2004; Ostgaard et al., 2006). Currently, there is no evidence-based 

Figure 6.1 Provisional recommendations NIOSH weight limits for pregnant workers; from MacDonald et al., 
2013 (p.15). Note: listed weights are in pounds (lbs), 2.2 lbs = 1kg. Distance from midline expressed in 
inches (“), 1” = 2.54 cm. 
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information for pregnant women on handling live and/or awkward loads, nor any RWL guide for 

asymmetric lifting postures (Lu et al., 2016). As a result, using the RWL for informing pregnant 

women may create the risk of expectation; where clinicians, employers and pregnant women 

themselves, could interpret the updated guide as being the normal threshold, particularly for 

the first half of pregnancy where the general perception is women can perform manual work to 

their pre-pregnancy level (AMA, 1984; MacDonald, 2013; Waters et al., 2014).  

Maternal and fetal health through pregnancy are of primary clinical importance and there are 

studies that have addressed “heavy” MH and associated adverse outcomes for injury during 

pregnancy (Paul et al., 1994; Frazier & Molgaard, 2001; Pompeii et al., 2011); LBP through 

pregnancy (Berg et al., 1993; Marnach et al., 2003; Ostgaard et al., 2006; Sabino & Grauer, 2008; 

Katonis et al., 2011) and a review of the association between lumbar muscle function and 

pregnancy-related LBP (Gutke et al., 2008). However, there is little reference to the type of non-

specific manual work that pregnant women are likely to be involved in, or to the hormonal 

influences and rapid changes to a pregnant woman’s body, nor the biomechanical implications 

of all of these factors for MH and LBD. As MacDonald et al. (2013) and authors of other sizeable 

studies (Nicholls & Grieve, 1992; Marras et al., 2004; Cheng et al., 2006; Pompeii et al., 2011; 

Habib & Messing, 2012; Armstrong & Messing, 2014; Waters et al., 2014) have concluded, there 

is a need for quantified research examining the full, complex picture of variables that may affect 

lower back strength and function through pregnancy, and the associated risk for LBD from MH 

exertion.  

Acknowledging these points, the fundamental catalyst to the morphological changes in the 

female body during pregnancy, comes from reproductive hormones. Estrogen, progesterone 

and circulating serum relaxin are the hormones most commonly addressed in relation to 

physiological changes during pregnancy (Goldsmith & Weiss, 2009; Reece & Casey, 2015). Figure 

6.2 presents the typical changes in these hormones throughout the three trimesters of 

pregnancy indicating that, within the first few weeks of pregnancy, serum relaxin can surge to 

30 times the concentration compared to the luteal phase of a normal menstrual cycle. This surge 

reaches maximum at around 12 weeks’ gestation, and is thought to be the major influence on 

the early and rapid softening of the endometrium for implantation and reducing stiffness in the 

cartilage, ligament, tendons and muscles of the trunk and pelvis (Gutke et al., 2008; Bathgate et 

al., 2013; Goldsmith & Weiss, 2013). The concentration of circulating serum relaxin then steadily 

declines through the second and third trimesters. Prior to labour, another  
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form of the relaxin hormone is produced within the uterus and placenta, with a localised effect 

on softening of the cervix and remodelling of the pubic symphysis in preparation for parturition 

(Goldsmith & Weiss, 2013). While it is clear pelvic joint laxity in early pregnancy is stimulated by 

serum relaxin, the role of this hormone and implications for lumbar joint laxity through 

pregnancy are not fully understood (Calguneri et al., 1982; Schauberger et al., 1996). This lack 

of clarity could be due to several reasons such as: comparison research is made difficult because 

of the range of variables to be considered within pregnant cohorts; the various studies and 

protocols used to measure trunk joint laxity during pregnancy; and the assays and protocols for 

measuring serum relaxin are not unified. Nevertheless, while there is an established relationship 

between serum relaxin and the easing of pelvic joints during pregnancy (Bathgate, 2013), its role 

in relation to lower back strength and function during pregnancy has not been investigated, nor 

the possibility of it augmenting the risk for work-related LBD during pregnancy.   

This study aims: 

• To determine if there are deficits in dynamic lower back strength and function following 

a period of static trunk flexion posture;  

• To determine if the outcomes of dynamic lower back strength and function change 

through three phases of pregnancy (trimesters 1-3); and 

Figure 6.2 Typical hormonal changes throughout pregnancy - reproduced from Reece and Casey, 2015 
(p 20). There is significant intra-person variation in the concentrations of the hormones, so this graph 
represents the upper level of serum concentrations of estrogen, progesterone, testosterone, and relaxin 
(Data from: Abbassi-G hanavati, Mina; Greer, Laura; Cunningham, F. Obstetrics & Gynecology. 
114(6):1326-1331, December 2009; Vollestaad).  



79 
 

• To determine if the outcomes of dynamic lower back strength and function change with 

variations in serum relaxin, lordosis, trunk girths or perceived mental and physical health  

The hypotheses for this study were that lower back strength and function will reduce over the 

course of pregnancy, and that changes in strength and function will demonstrate temporal 

association with other measured variables intrinsic to female physiology, physicality and 

psychosocial health during pregnancy. 

 

METHODS 

This study assessed dynamic loaded trunk extension following a period of static trunk flexion (as 

the fatiguing task). The static flexion posture was designed to reproduce a waist height lift, 

reported as the most efficient and safest height for pregnant women to lift from. The protocol 

for this study duplicated that utilised for the research presented in Chapter Five and is described 

fully in Chapter Three. Furthermore, the results from the assessment of nulligravida presented 

in Chapter Five were used for comparison (non-pregnant controls) in the present research.  The 

three reported test sessions were commenced between 8-12 weeks’ gestation, and were 

finalised prior to 32 weeks’ gestation, presenting a “snap shot” of variable outcomes within each 

of the three trimesters.  

Participants 

Fifteen healthy, first time pregnant women between the ages of 25-36 years commenced the 

study. These women were required to be within 8-12 weeks’ gestation of their first naturally 

conceived pregnancy and limited to a singleton fetus.  They were also requested to continue 

their participation beyond pregnancy to be available for a postpartum follow-up study (Chapter 

7). Additional inclusion criteria and the process for recruitment were consistent with that 

outlined in Chapter Three. Five participants withdrew due to maternal or fetal complications 

before completing the study, leaving 10 women who attended all three test sessions (mean ± 

SD; age 32.0 ± 4.0 yr; height 171.0 ± 7.0 cm; body mass 70.0 ± 10.0 kg). Reasons for withdrawal 

included miscarriage and early term delivery, gestational diabetes, serious illness and travel. 

Participants were encouraged to perform the dynamic back strength and function tests to the 

best of their ability, but also reminded to withdraw, if necessary, based on their perception of 

inability or increased risk of personal or fetal injury. 

Procedures  

The three phases for comparison in this study were based on the three pregnancy trimesters, 

however, we did not want to be testing pregnant women past 32 weeks’ gestation. Accordingly, 
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the three measurement points were T1= 8-12 weeks; T2= 13-24 weeks; T3= 25-32 weeks. 

Participants were welcomed to each session, briefly discussing their physical and emotional 

progress since the previous session, and notes were taken on points of interest such as perceived 

LBP/LBD, lifestyle changes, progress within their workplace and at home, as well as general 

perception of physical and emotional wellbeing.  

 

RESULTS 

All 10 participants completed the dynamic trunk extension test in trimesters one and two (T1, 

T2), however, because of perceived inability to complete the protocol, four participants 

withdrew from this test in trimester three (T3). Table 6.1 presents the mean (±SD) scores for all 

lower back strength and function trials, as well as the repeated measures analysis of variance 

(ANOVA) between T1 and T2 pre- and post-fatigue comparisons, with outcomes significant at 

p<0.05. Only means and SD outcomes were recorded for the six participants who completed the 

T3 trials, but these results were not included in the ANOVA because the test group was 

incomplete and not statistically comparable to the full group tests of T1 and T2.  

Comparing the pre- and post-fatigue mean scores achieved in T1 with those of T2, shows that 

not only did T1 elicit the lowest PkT and WC outcomes (both before and after the held trunk 

flexion), but the T1 scores had very much lower dispersion than were recorded for T2. There was 

a significant difference in post-fatigue PkT between the T1 and T2 test (F=4.831, p=0.041) times, 

indicating that group peak strength was significantly better in trimester two.   

Figure 6.3 presents the differences in mean scores for Pkt and WC pre- and post-fatigue for 

trimesters one and two, highlighting the deficit in peak strength and function within and 

between the two test time points. The SE scores reinforce the low degree of variation in group 

scores during trimester one and the broader range of abilities in trimester two. Only six 

participants completed this test in trimester three; the four participants not completing 

withdrew because of restrictive physical shape and/or perception of increased risk to fetal 

health. Trimester three results are reviewed only for those participants involved in the case 

studies provided in Chapter Seven. 
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Variable 
Trimester One Trimester Two 

Mean 
(SD) 

Mean 
(SD) 

Weight-normalized 
peak torque (%) 

  

 Pre-fatigue 100.0 
(0.0) 

121.9 
(51.3) 

 Post-fatigue 83.7 
(10.8) 

107.2 
(40.9) 

   
Weight-normalized 
work capacity (%) 

  

 Pre-fatigue 100.0 
(0.0) 

120.9 
(80.8) 

 Post-fatigue 83.5 
(15.3) 

95.4 
(57.4) 

 

Variable / Main Effect F P 
Weight-normalized 
peak torque (%) 

  

 Trimester 4.831 0.041 
 Pre-Post Fatigue 2.101 0.164 
 Interaction 0.006 0.939 
   
Weight-normalized 
work capacity (%) 

  

 Trimester 1.019 0.326 
 Pre-post Fatigue 1.843 0.191 
 Interaction 0.077 0.785 

P values shown in bold denote significance at p<0.05. 

 

  

Table 6.1 Mean percentage scores (±SD) and two-factor repeated measures ANOVA summary 
for strength and work capacity in trunk extension, pre- and post-fatigue, across trimesters one 
and two of pregnancy (n=10). 
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The results for secondary variables (Table 6.2) show the scores across the three trimesters in 

serum relaxin levels, lumbar lordosis, LBP, LBD, disability (ODI) and emotional stability (K10) in 

this cohort. Only serum relaxin levels decreased significantly from trimester one; there was no 

statistical difference in LBP, LBD, ODI, K10 scores or the degree of lumbar lordosis between the 

three trimesters across pregnancy. 

 

 

  

Figure 6.3 Mean (±SE) lower back strength (PkT) and function (WC) through dynamic 
trunk extension, comparing scores for before (pre) and after (pos) held static flexed 
posture (n=10). 
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Variable 
Trimester One Trimester Two Trimester Three 

Mean 
(SD) 

Mean 
(SD) 

Mean 
(SD) 

Low back pain 
1.4 

(1.3) 
1.3 

(1.1) 
1.6 

(1.0) 

Low back disability 
1.4 

(1.3) 
1.9 

(1.1) 
1.6 

(1.2) 

ODI 
5.3 

(7.5) 
7.1 

(8.6) 
14.1 

(10.3) 

K10 score 
3.0 

(4.0) 
2.2 

(3.1) 
2.7 

(3.2) 

Lordosis (degrees) 
20.9 
(7.8) 

20.7 
(6.0) 

20.6 
(4.8) 

Serum relaxin (pg/ml) 
662.6 

(227.5) 
   480.7 a 
(149.6) 

  465.7 b 
(179.4) 

 

Variable  F P 

Low back pain 0.412 0.669 

Low back disability 0.609 0.555 

ODI 2.693 0.095 

K10 score 0.199 0.821 

Lordosis 0.017 0.983 

Serum relaxin 16.589 <0.001 

 

   

 

Table 6.2  Mean scores (±SD) and repeated measures ANOVA summary for secondary outcome measures 
across three trimesters of pregnancy (n=10). ODI = Oswestry Disability Index. K10 = Kessler Psychological 
Distress Scale.  
a = significant difference (t = 4.892; p = 0.001) between trimesters one and two.  
b = significant difference (t = 3.982; p = 0.003) between trimesters one and three. 
 
 

P values shown in bold denote significance at p<0.05 
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Figure 6.4 showed no significant change in the mean angle of lordosis between trimesters, 

however, there was a significant (p<0.001) mean weight gain from T1 to T3, with post hoc t-tests 

showing significant differences for T1 to T2 (t=6.332, p<0.001) and T2 to T3 (t=3.684, p=0.005). 

The mean changes in girth measurements reflected typical pregnancy developments, with 

significant differences at each test point (p<0.001) in chest and waist girth. Post-hoc t-tests also 

revealed differences in mean hip girth T1 to T2 (t=5.460, p<0.001), but not from T2 to T3.  

Abdominal diastasis and self-reported pelvic floor integrity data were collected, but not 

reported in Table 6.2. At the point of T1 testing, five participants had evidence of small supra- 

and infra-umbilical diastasis that remained constant to the T2 examination; no data were 

collected on this variable at T3 due to the difficulty in measuring the umbilical area of the 

extended abdomen. During T1 and T2, five participants reported occasional stress incontinence; 

whereas at T3, seven participants reported occasional incontinence. No participants reported 

frequent incontinence at any test period during pregnancy.  
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Figure 6.4 Mean scores (±SE) for secondary variables (physical measures) across the three 
measured trimesters of pregnancy (T1-T3).  
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Serum relaxin couldn’t be collected from every participant at each of the three test sessions 

(Figure 6.5, Figure 6.6) for various reasons including participant presentation with signs of 

anxiety or vulnerability, low blood pressure, or difficulty in locating a vein for puncture. 

Nevertheless, the analysis showed a significant difference (p<0.001) between the mean serum 

relaxin concentrations over time (Figure 6.6). Post-hoc t-tests revealed significant decreases 

between T1-T2 (t=4.367, p=0.002), and between T2-T3 (t=3.911, p=0.006). 
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Figure 6.6 Mean (±SE) scores for serum relaxin (pg/mL) across the three trimesters (Tr1 – Tr3). 
There was a significant difference in mean serum relaxin between all test points p<0.05. 
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DISCUSSION  

Although studies have reported that up to 80% of pregnant women will experience LBP/LBD 

during pregnancy, there is very little research to support advice on managing LBP/LBD or the 

implications for either domestic or paid manual work in the health, community and child care 

industries. The aim of this study was to examine variables that may contribute to MH-associated 

LDP/LBD during pregnancy and expose potential key indicators of heightened risk. Dynamic 

lower back strength and function was assessed in 10 healthy primigravida women through three 

trimesters of pregnancy. At each test session, participants engaged in the dynamic loaded trunk 

extension test and data were also collected for secondary outcome variables: concentrations of 

serum relaxin; anthropometric measures and individual self-reported perceptions of LBP/LBD.  

All 10 participants completed the first two test sessions (T1 and T2) of the trunk extension 

protocol with the results showing that dynamic back strength and function were enhanced in T2 

(13-24 weeks’ gestation) compared to T1 (8-12 weeks’ gestation). Furthermore, there was 

minimal variability between individuals in the post-fatigue mean scores in T1 for both PkT and 

WC, indicating a consistent deficit response of lower back strength and function through the 

post-fatigue repetitions. At T2, however, the same participants revealed a considerable overall 

improvement in mean PkT and WC from T1 in both the pre- and post-fatigue repetitions, albeit 

tempered by the broad range of scores. Not all participants completed this test in T3, so the 

outcome scores were not included in the statistical analysis. Although these participants were 

confident in performing the trunk extension movement, sustaining the static fatiguing posture 

for 60 s was universally difficult.  

The relationship between reproductive hormones and the associated physical and physiological 

implications for pregnant women have been noted (Goldsmith et al., 1998; Vogel et al., 2003; 

Bathgate et al., 2013), but this study is the first to quantify changes in dynamic trunk loading 

with changes in serum relaxin. The data for our participants revealed a pattern similar to that 

shown in Figure 6.2, in that serum relaxin peaked within the first trimester and gradually 

declined across the duration of pregnancy (Figure 6.6). Using the serum relaxin results from the 

non-pregnant women studied in Chapter Five, we can assume the mean group (n=10) base level 

of serum relaxin at ovulation (prior to pregnancy) would have been up to 4.5 pg/ml. Within 8 

weeks, at the T1 collection in this study, the group mean for serum relaxin rose to 660.0 pg/ml. 

By T2, the mean concentration had reduced by a third, and the change between each phase was 

statistically significant. The individual serum relaxin scores, though, were wide-ranging. This is 

possibly so for a variety of reasons including genetics, ethnicity and health, as discussed in 

Chapters Two and Five.  
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Although this was a small test sample, our T1 results indicated a possible relationship between 

a sudden onsets of LBP/LBD, poor lower back strength and function, and a rapid increase in 

serum relaxin concentrations. This is supported by group mean scores for the dynamic strength 

and function test, in which pre- and post-fatigue outcomes of PkT and WC were the lowest 

(p<0.05) in T1. Furthermore, the mean scores for post-fatigue outcomes in Pkt and WC were 

more consistent during T1 across all participants than at other time points. These poor 

performance outcomes for lower back strength in T1 were further reinforced by participants’ 

verbal comments and observations. Although mean scores do not reflect this (Table 6.2), some 

women were genuinely surprised by the acute and seemingly random onset of LBP/LBD, as well 

as the unexpected physical complications occurring in T1. Given these individual reports, it is 

likely that the outcome of poorer lower back strength and function in T1, as well as the sudden 

onset of LBP/LBD, can cause feelings of physical vulnerability in some women during the first 

trimester of pregnancy.  

Participants were invited to discuss their observations of progress through the physical and 

emotional changes of pregnancy. At each session, participants were asked to describe any 

recent back health events. In the T1 interviews, five participants reported that, at around 6-8 

weeks’ gestation, the experience of a “sudden twinge” or onset of LBP/LBD occurring during 

sleep, during a regular lifting task, or when changing posture. One participant described being 

woken during the night with sudden and disabling LBP, which then lasted 5 days. Some described 

a noticeable “muscle tightness” along both sides of the lumbar spine. Only two participants 

reported no changes to lower back health in T1. Interviews during the T2 phase revealed that 

most participants experienced a “general achiness” in the lower back. Two participants reported 

the aching feeling was debilitating, while another two experienced some sciatic “pinching”. Two 

participants had no LBP/LBD experience to report during T2. These observations have proved 

valuable for our understanding of these parameters, as the analysed group data for LBP/LBD 

(displayed in Table 6.2) appear to mask individual experiences. 

In T3, three participants expressed the feeling that their back pain had gone and they felt 

“tighter, stronger and energised”; three were aware of sciatic pinching or “niggle”, and others 

felt general achiness and awareness of pain in the pelvic and hip regions. One participant 

experienced LBP/LBD for the first time during this T3 period describing it as a “turning point in 

her pain experience”. Notwithstanding these observations and potential protocol shortcomings, 

previous studies addressing LBP in pregnancy have identified that the first experience of LBP for 

many women (30-50%) occurs with the onset of gestational LBP in the first trimester of 

pregnancy (Ostgaard et al., 1994; Gutke et al., 2006). It has also been reported that gestational 
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LBP can change location and pain type during the three trimester journey (Ostgaard et al., 1997; 

Wu et al., 2004). 

As expected, there were significant group changes in participants’ anthropometry at each phase. 

The group mean weight increased by approximately 8 kg between 8-32 weeks of pregnancy, hip 

and chest girths increased by approximately 6 cm and the mean abdominal girth by around 20 

cm; these measures reflect normal growth patterns for healthy women during pregnancy 

(ACOG, 2002). A statistically significant association between these changes and LBP, LBD and/or 

lower back strength and function was difficult to determine with such a small sample, and there 

is very little published research in this area. Presumably, some pain and or biomechanical 

consequences would relate to these lumbar spine alterations, at least at an individual level.  

The outcome for emotional well-being (K10), which failed to register any significant group 

differences between the three test periods, appeared to be more an individual rather than a 

consistent group experience. Similarly, there was no statistical change in qualitative reporting 

of LBD via the ODI questionnaire; however, there appeared to be an increasing trend in average 

scores across trimesters, from T1 to T3. Individual perception of LBP/LBD events were diarised 

at session interviews, whereas the ODI reports focussed only on how participants managed in 

sleep, getting in and out of bed, performing common functions and tasks, traveling and 

maintaining postures. The physical limitations were reported (verbally) to be more frequent and 

more disabling during the third trimester of pregnancy, although it is difficult to know how much 

of the disability was due to the substantial change in anthropometry or the influence of LBP/LBD.  

An important message from this study is that healthy, first time pregnant women, with no 

previous clinical evidence of LBD, generally experience diminished lower back strength and 

function, which are aligned with a significant increase in the concentration of circulating serum 

relaxin during the first trimester. For some women, these changes may also accompany a sudden 

onset of LBP/LBD. It must be understood, however, that these temporal associations should not 

be misconstrued as being suggestive of a causal link. Our data does not allow a causal link to be 

determined. 

A full biomechanical assessment of MH actions for pregnant women has not been the focus of 

this study and it is difficult to make more informed evaluations because of the lack of previous 

research and the uncertainty of comparing protocols. With the mean serum relaxin being 660 

pg/mL at T1, this was 110 times the amount stated by Dragoo et al., (2011) as the tipping point 

for certain risk of ACL laxity injury. It is certainly possible that the structural integrity of pelvic 

and spinal joint ligaments is rapidly affected and perhaps weakened in this phase of pregnancy. 

Furthermore, during this trimester any change in ligament physiology, trunk strength or 
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movement pattern could be accompanied by a perception of pain. These factors suggest that 

serum relaxin might be considered as an enabler of laxity in lumbar spinal joints and, therefore, 

a perturbation to achieving efficient biomechanics of the trunk during pregnancy. 

If there is a rapid change to the stability and functionality of the lumbar spine, during the first 

half of pregnancy, lifting and other load bearing activities may be riskier than has previously 

been assumed. During this trimester, shear and compression forces could be augmented during 

MH, which may contribute to increased force on connective tissues of the lumbar joints. 

Furthermore, it is likely that some pregnant women will adopt different loading patterns (Marras 

et al., 2004) to complete lifting or trunk flexion tasks. Nevertheless, it is also likely that women 

will continue to perform physical work as their individual circumstances require (Sanders & 

Morse, 2005; Stewart, 2010; Habbib & Messing, 2012; Armstrong & Messing, 2014).  

The provisional RWL suggest that pregnant women to 20 weeks of an uncomplicated pregnancy, 

who don’t lift more than once every 5 minutes, are permitted to lift up to 12 kg (26 lbs) at a 

reach of 51 cm (20 inches) at waist height. Chaffin (2008) suggested that if the load is greater 

than 10 kg and more than 30 cm from the midline of the body, however, the lift would exceed 

the “Compression Force Design Limit” for women. This means that the risk of lower back injury 

is heightened for the average healthy (non-pregnant) woman performing a one-time lift. 

Therefore, given the likely rapid development of joint laxity and/or weakening of collagenous 

connective tissue occurs in the lumbar spine during T1, it seems difficult to ignore the probable 

mechanical implications for load bearing. Hence, many women in the first trimester of 

pregnancy may be exposed to increased injury risk which is not captured in standard RWL 

recommendations.  

Since the results of this study are from a group of first time pregnant women, it is important to 

put this into perspective with regard to the 50% of all pregnant women who are undergoing a 

second or subsequent pregnancy.  Gutke et al. (2006) reported that approximately 30% of these 

women will experience LBD that was initiated in their first pregnancy. Furthermore, it is likely 

that many women will have musculoskeletal changes and side-effects from a previous birth that 

may include pelvic floor disorder or prolonged abdominal diastasis, both of which can have 

consequences for intra-abdominal pressure and lower back health (Hsu et al., 2017). Women 

who are primary homemakers, perform an average 40 hours per week of unpaid, home-based 

CCW, regardless of paid employment status or whether they are pregnant or postpartum 

(Baxter, 2016; ILO, 2016).  

The average woman in her first trimester of a second pregnancy will be caring for an 18-month 

old child (ASCC, 2016). This child will be approximately 85 cm from heal to crown, weigh in excess 
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of 13 kg with a centre of mass in the upper chest (World Health Organisation Child Growth 

Standards http://www.who.int/childgrowth/en). In the domestic CCW environment, there is no 

consideration for changing anthropometric dimensions of the pregnant woman, or for possible 

LBD and perturbed lower back strength and function, and little consideration for the dual burden 

of work (paid and unpaid) for these women (Habib & Messing, 2012). The CCW in the domestic 

environment is not standardised, there are no clear directions to limit personal injury or for the 

use of non-standardised, poorly designed equipment. The majority of second time pregnant 

women will also be working in paid employment for at least 30 weeks of the pregnancy (ASCC, 

2016) and many will be employed in work that is similar to the role of home and care duties. At 

this point it is difficult to understand how either the AMA advice (the provisional NIOSH RWL for 

pregnant women inspired by the need to address an inadequate AMA practice) or work place 

standards (recommendations and practices for pregnant women), could provide sufficiently 

adequate advice for health professionals, employers, ergonomic designers or pregnant women.  

This is especially pertinent when all the supposed guidelines suggest specific lifting standards 

are not required for pregnant women before 20 weeks’ gestation. 

There are some limitations to acknowledge for this study, including: (a) the small number of 

participants may have biased these results; (b) participants were pregnant for the first time 

which can be an emotional or confronting experience; (c) there was no pre-pregnancy testing 

for base-line comparisons in this test group; (d) the T1 lower back strength and function test 

was the first experience of this protocol for all individuals in the participant group; (e) the 4-

week window of T1 was a narrower test period than the broad windows of data collection for 

T2 (13-24 weeks) and T3 (25-32 weeks); and (f) the warm-up protocol prior to the three full 

effort extension repetitions likely mitigates the effect that fluid creep or fatigue may have had 

on the intervertebral discs and trunk extensor muscles, respectively. 

In relation to perceived LBP/LBD, although the mean scaled response scores didn’t appear to 

vary across the test sessions, there was a variation in individual scores. In T3, seven participants 

registering a heightened awareness of lower back related disability (via the ODI) when 

performing daily lifestyle tasks, however, the difference did not reach statistical significance due 

to the small sample and the variance within the group. In reviewing emotional health, the results 

for Kessler Psychological Distress (K10) reflect no significant changes in group means; however, 

six participants registered their highest scores in T1, five in T2 and four registered in T3 with 

many participants expressing a feeling of happiness and relaxed wellbeing during this third 

trimester of pregnancy. These data serve to highlight the importance of considering the variance 

in individual responses, not just focussing on average scores. 

 

http://www.who.int/childgrowth/en
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CONCLUSION   

The first hypothesis for this study was rejected, since lower back strength and function increased 

from T1 to T2 of pregnancy. In terms of the second hypothesis, these improvements in strength 

and function were temporally aligned with a significant decrease in serum relaxin from T1 to T2. 

As for the other variables, however, we found no change in perceived LBP, LBD, ODI, K10 or 

lordosis across the phases of pregnancy. Notwithstanding the small sample, this study also 

revealed that, within 8 weeks’ gestation, some pregnant women could be at higher than normal 

risk of lower back injury during this early phase of pregnancy based on lower levels of strength 

and function combined with individual experiences of sudden onset LBP/LBD. Furthermore, as 

this study involved primigravida women, presumably there will be heightened MH risk 

implications for those pregnant women who are already the mother of a young child.  

This is an important outcomes for several reasons. Firstly, because women entering their first 

pregnancy could expect safe and unencumbered participation in load bearing exercise and/or 

work and may not be aware of the potential risk (for some women) of sudden onset LBP/LBD. 

Also, women entering a second or subsequent pregnancy are likely to have an established 

working relationship with domestic CCW; the implications from already heightened risk of LBD 

associated with pregnancy could be amplified by early pregnancy exposure to tasks and 

equipment. Poor equipment design and difficult/awkward loads have the potential to expose 

the operator to further increasing risk of back injury. Stewart (2010), for example, found that 

pregnant women with a previous history of LBP/LBD experience increasing symptoms along with 

the number of pregnancies. 

This study indicates the inadequacy of available research assessing pregnant women performing 

dynamic load bearing tasks in the first 20 weeks of pregnancy, and reinforces the urgent need 

for more research in this area of women’s health. On-going research of this nature will: (a) help 

OSH authorities with better advice for women on how to manage their back care during 

pregnancy; (b) assist health professionals in the management of health and community care 

work; (c) better inform designers of equipment and CCW standards; and (d) better inform 

women’s health networks on the unique issues for women, ergonomics and back disorder.  
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CHAPTER SEVEN 

 

Study Four:  Dynamic lower back strength and function in postpartum 

women performing a common lifting task 

 
 

INTRODUCTION 

The current convention of postpartum hospital stay is for women to be discharged within 24-

48 hours following an uncomplicated vaginal delivery; and within 3-4 days for a healthy 

caesarean birth. There are several reasons for this protocol, one being to limit the risk of 

hospital sourced infection to mother and neonate (American College of Obstetricians and 

Gynaecologists, 2013). However, the early discharge process also creates an expectation that 

the newly postpartum woman can return to a home environment and presumably attend to 

child care tasks as required (Stewart, 2010). General maternal health advice is that a 

spontaneous resolution to pregnancy-related musculoskeletal changes will occur during the 

first 8 weeks following an uncomplicated delivery (ACOG, 2017). However, as with many 

reports of this nature, there is scant evidence-based advice regarding parameters for physical 

load bearing activity and implications for musculoskeletal recovery during postpartum.  

In 2017, the American College of Obstetricians and Gynaecologists (ACOG) published a 

Committee Opinion document reflecting the most recent clinical and scientific advances in 

pregnancy and postpartum care (ACOG, 2002, reaffirmed in 2017). The ACOG is an 

internationally recognised authority in women’s health care; their statement provides advice 

for practitioners in consultation with their patients and the advice is reflected in guidelines by 

women’s health authorities throughout the world (Royal College of Obstetricians and 

Gynaecologists, 2006; Chauhan et al., 2010; Wright et al., 2011; Siddiqui et al., 2012; WHO, 

2013; Society of Obstetricians and Gynaecologists of Canada, 2016; Sports Medicine Australia, 

2016). The recommendations from the ACOG Committee Opinion (2017) outline the general 

importance of exercise and physical activity during pregnancy and postpartum, encouraging 

women to engage in aerobic and strength conditioning exercise before, during and after 

pregnancy. Specific advice to postpartum women in relation to physical activity and work is to 

gradually increase exercise and return to employment when “medically fit” to do so, which for 

an uncomplicated delivery, is said to be within days but certainly within 5-6 weeks of giving 

birth. However, the lack of specific guidance for managing work-life balance and physical 

rehabilitation following pregnancy and birth (Minig et al., 2009; Howell et al., 2012), have been 
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recognised as  contributing factors to anxiety and depression in many postpartum women 

(Howell et al., 2010; Dotters-Katz & Stuebe, 2017); and LBP/LBD are the most common physical 

health concerns expressed by women during postpartum (Ostgaard et al., 2003;  Kristensson et 

al., 2006; Wang et al., 2009; Stewart, 2010).  

For many women, their first experience with LBP/LBD will be during pregnancy and/or 

following parturition, with 30% of these women suffering symptoms for at least 6 to 12 

months (Ostgaard et al., 2003; Gutke et al., 2006; Morino et al., 2017; Nordeman et al., 2017). 

In postpartum women it’s possible the biomechanical implications from pregnancy and birth 

may play a significant role in the duration and severity of their LBP/LBD. Common physical 

consequences for postpartum LBD can depend on the type of birth (vaginal or caesarean) and 

factors relating to pelvic joint, pelvic floor and abdominal wall weakness (Jelen et al., 2012; 

ACOG, 2017). An additional mechanical complexity for LBD is likely to arise from the rapid loss 

of abdominal contents; the weight of the baby, placenta and amniotic fluid – an average 

healthy delivery averages 5-7 kg loss (ACOG, 2013). Given that during the second half of a 

normal pregnancy, the developing abdominal mass increases the intra-abdominal pressure 

(IAP) to above normal pre-pregnancy levels, this likely augments structural support to the 

otherwise loosened lumbar and pelvic joints (Arjmand & Shirazi-Adl, 2006; Park et al., 2011).  

Additionally, the growth in abdominal size and IAP created by uterine contents during 

pregnancy can also contribute to abdominal diastasis (separation of the rectus abdominal 

muscle along and through the linea alba) (Boissonnault & Blaschak, 1987), and potentially 

generates a change in the shape of lumbar lordosis as well as initiates distention of the pelvic 

floor (Jelen, et al., 2012). For some period directly after parturition, the rapid loss of IAP would 

produce some loss in the functional integrity of the structures of the female trunk (Rodrigues 

et al., 2014). This will likely have implications for the strength and function of lumbar spinal 

joint structures, and especially so during trunk loading and loaded extension.  

There has been very little quantified research on how these variables (abdominal diastasis, 

lumbar lordosis, pelvic floor insufficiency), either independently or combined, affect the 

biomechanics of low back strength and function in postpartum women or the implications for 

LBP/LBD. The majority of postpartum women will, within hours of giving birth, become 

engaged in CCW. The associated manual tasks are performed frequently each day and often 

demand the carer to perform awkward loaded trunk postures, lifting and lowering and 

interaction with poorly designed equipment.  

There is no doubt about the importance of exercise for all women, and maintaining a regime 

through pregnancy and postpartum has many health benefits such as mitigating gestational 
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diabetes and emotional distress, supporting sleep and weight management and for 

cardiovascular health (Brown, 2002; WHO, 2013; Hinman, 2015; Hayman & Brown, 2016; 

ACOG, 2017). However, there is no comprehensive evidence-based guidance evaluating or 

limiting the physical risks associated with performing load bearing exercise, CCW or other 

manual work, nor the consequential implications for long term low back strength and function. 

Currently, there are very few quantitative studies, tests or guidelines to support practitioner 

advice or a postpartum woman’s personal decisions in relation to their readiness for exercise, 

trunk load bearing and work-life regime.  

This study followed six women from pregnancy through an extended postpartum period, 

measuring their physical changes and low back strength and functional abilities to provide 

group outcomes and individual case studies of their experiences. The aims of this study were: 

• To determine if there are deficits in dynamic lower back strength and function following 

a period of static trunk flexion posture;  

• To determine if the outcomes of dynamic lower back strength and function change 

through three time periods between 8-34 weeks postpartum; and  

• To determine if the outcomes of dynamic lower back strength and function change with 

variations in lordosis, trunk girths or perceived mental and physical health.  

We hypothesised that there will be deficits in dynamic lower back strength and function in 

postpartum women resulting from a period of held flexed posture; and that these deficits will 

be temporally associated with changes in trunk girths, lordosis, abdominal diastasis, weight 

and perceived mental and physical health through three periods of postpartum recovery in 

women following the birth of their first child.  

Several case studies that monitor the progress of four women through from early pregnancy to 

34 weeks postpartum are presented in Appendix I. The outcome of this study will provide 

women working with young children, women health practitioners and designers of child care 

equipment with new information on CCW. 

 
METHODS 

This study continued from Study Three (Chapter Six), following six of those women through 

their postpartum experience and comparing their results with those obtained during 

pregnancy. Measurement protocols for this study duplicated those from Study Two (Chapter 5) 

in so far as the lower back strength and function test was included at each of three post-birth 

(PB) data collection times; physical measures and qualitative observations were also recorded. 

Blood sampling for serum relaxin analysis, although an important consideration, was not 
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performed because most participants had been prescribed hormonal contraception prior to or 

following the commencement of data collection. Again, for this study, participants were 

reassured that they could choose to not complete the dynamic strength component of the 

test. The three PB test sessions were commenced between 8 and 16 weeks postpartum, with 

follow-up at 5-10 week intervals, with all sessions finalised within 9 months. This study also 

included a questionnaire specific to CCW in the home that was similar to the questionnaire 

previously used by Stewart (2010). 

 

Participants 

Six of the first-time pregnant women from Study Three agreed to continue through the 

postpartum testing. Each of the participants had “non-complicated” vaginal deliveries, but 

quite different individual experiences through the end of their pregnancy, birth and early 

postpartum. These were best captured as case studies, representing the range of individual 

outcomes and experiences. As for the previous study, participants were encouraged to 

perform the back strength and function tests to the best of their ability, but were also 

reminded to cease if necessary, based on their perception of inability or injury risk.  

 

Procedures  

Although testing commenced from 8 weeks postpartum, the actual sessions occurred when 

participants were available through three post-birth time periods PB1 = 8-16 weeks,              

PB2 = 17-25 weeks and PB3 = 26-34 weeks. Relevant data from Study Three were used to 

compare outcomes from this study. However, analysing group variability and correlations was 

difficult because of the small number of participants, the broad range of individual scores and 

some participants not completing all session protocols during the pregnancy and/or post birth 

testing. For these reasons the data were presented for comparison simply as means and total 

scores for both group and individual results. All individual low back strength and function data 

were calculated as the mean of the three pre- and post-fatigue sets, and then normalised to 

the participant’s body weight for each test session. For continuity of comparison across the 

two study time-frames (pregnant to postpartum), the group data were further normalised to 

the first test in trimester one (T1) during pregnancy. Paired sample t-tests were performed on 

the post-birth scores to reveal any significant differences in test phases.  
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RESULTS   

As all participants were first-time mothers, personal health, baby needs and timing logistics 

created new challenges for this phase of the research. Testing wasn’t always completed by 

every participant at each session. One of the pregnant participants did not complete the 

pregnancy testing, but did complete all the post-birth tests. Likewise, one participant who 

completed the pregnancy testing did not complete the postpartum. This participant withdrew 

from the post-birth study before completing the final test. Figure 7.1 charted the group mean 

scores for peak strength (PkT) and function (WC). Post-hoc t-tests revealed no significant 

differences occurred either between the post-birth test phases or within the pre- to post-

fatigue changes; however, the sample size was small and this made it difficult to reach 

statistical significance.  

 

The basic mean score outcomes for PkT and WC are presented in Figures 7.1; and the 

associated deficit between pre-and post-fatigue are presented in Figure 7.2. These figures 

reveal the T1 test mean deficit in both PkT and WC were largest across all six tests. Although 

the outcomes for T3 show the lowest PkT and WC achieved, the results for the second post 

birth test, PB2 revealed a large decline in both post-fatigue PkT and WC.  The perspective for 

this, is that the numbers are small, and not all participants completed all tests. Trimester three 

of pregnancy remains generally the weakest time point, which may partially be due to the 

anthropometric encumbrance. All participants completed the PB1 strength tests with the pre- 

WC pre WC pos 

Figure 7.1 Postpartum group mean (±SE) scores for strength (PkT) and function 
(WC), pre- and post-fatigue, from trimester one (T1) to post-birth time period three 
(PB3). Scores are normalised to pre-fatigue values recorded at T1 (100%).  
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to post-fatigue results revealed this had the least variation in strength and functional 

performance (Figure 7.2), and although only the strongest participants (n=4) completed PB3, 

this result revealed the strongest pre-fatigue scores across all testing sessions. However, there 

was an obvious inconsistency and large deficit between the pre- to post-fatigue effort.  

 

 

Reviewing the physical changes within the group, as expected hip, waist and chest girths as 

well as body weight increased over the T1 to T3 period (Figure 7.3). During this time mean hip 

WC 

Figure 7.3 Group mean (±SE) girth measures (cm) for hips, waist and chest from 
Trimester One (T1) to Post Birth Three (PB3). 
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Figure 7.2 Postpartum group mean (±SE) scores for the deficit in peak strength (PkT) 
and work capacity (WC) pre- to post-fatigue from trimester one (T1) to post birth three 
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girth increased by 6%, waist girth by 25%, chest girth by 7% and body weight by 13%. Following 

birth by PB3 the mean hip, waist and weight measures were almost back to T1 levels, however, 

the chest girths remained unchanged suggesting the COM remaining higher in the body.  

The mean angle of lordosis in this group increased from 17 to 20 degrees (20%) from T1 to T3, 

and maintained at this level through to PB3 (Figure 7.4). Abdominal diastasis was apparent in 

two participants during pregnancy, but in five of the participants at the PB tests (ranging from 

5-10 cm both supra- and infra-umbilicus). Individual scores are presented in the case studies to 

follow. 

 

The self-reported scale response variables (Figure 7.5) are presented as mean group scores. 

Perceived LBP and LBD were reported on the day of testing, while the lifestyle disability index 

(ODI) and perceived emotional wellbeing (K10) were reported for the 2 weeks prior to testing. 

Emotional wellness (K10) was challenged by more participants at the PB2 test than at any 

other test session, as was LBP and LBD, with the perceived LBD score being almost double that 

of any other test period. General lifestyle disability (ODI) was experienced by most participants 

in the T3 and PB1 tests with three participants contributing most of the total score in PB2 and 

PB3. Serum relaxin was not measured in this study because most of the participants were 

using hormonal contraception by 8 weeks post-birth. 

  

Figure 7.4 Group mean (±SE) physical measures for body weight (kg), length of diastasis 
(cm) and angle of lordosis (°) from Trimester One (T1) to Post Birth Three (PB3). 
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Summary of Group Results 

Of the 10 pregnant test participants, six returned for the postpartum testing but only four 

could finish the low back strength and function assessment component, and one participant 

completely withdrew from the final PB test. The primary variables of low back strength and 

function over the three PB phases revealed a consistent lack of ability to perform and all three 

tests revealed a lack of consistency in application of strength. Scores at PB2 (tested between 4-

6 months) revealed this to be the most disrupted time period. Secondary outcome variables, 

diastasis, lordosis and chest girth, revealed obvious changes between pregnancy and early 

postpartum, and may have some relationship with low back strength and function, which was 

potentially reinforced by the elevated LBP/LBD, ODI and K10 in some participant scores. These 

results indicate that some women will have a longer postpartum rehabilitation period than the 

general health advice may indicate, and that manual work being performed during postpartum 

rehabilitation may be limiting, or may prolong the recovery for postpartum women to regain 

lower back strength and function. The individual case studies (Appendix I) and discussion to 

follow will provide further perspective on these outcomes. 

   

Figure 7.5 Group mean (±SE) scale response scores for self-reported secondary variables 
from Trimester One (T1) pregnancy to Post Birth Three (PB3). K10 = emotional health; ODI = 
lifestyle back health rating; LBD = low back disability; LBP = low back pain. 
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DISCUSSION  

The results of this study provide a small window to a field of women’s health that has been 

relatively unexplored in contemporary society. Six women were involved in this final study; all 

were average size, average health, and taking regular exercise and involved in stimulating paid 

employment. The study measured anthropometric changes, physical encumbrances from the 

birth experience, emotional and physical wellbeing, age, sleep, manual work, and exercise, 

physical measures of the baby, CCW tasks and equipment use (duration and frequency).  We 

also measured individual perceptions of LBP/LBD and completed the dynamic back strength 

protocol to measure individual lower back strength and function in relation to a loaded trunk 

extension task common to CCW.  

Each of the women involved in this study experienced debilitating LBP/LBD at some time 

through their pregnancy and/or postpartum. For some, the onset was rapid and intense, but 

LBP/LBD and compromised lower back strength and function was completely unexpected for 

all participants. In our modern society, a healthy pregnancy, preparing the home for a new 

child, giving birth, the rapid release from hospital and recovery into a completely new life 

experience, are often just accepted as matters of fact to be dealt with. Information on physical 

recovery, back pain, exercise, what to do and how to function with a new baby is often learned 

from friends and relatives, or from magazines and online articles (Stewart, 2010). Advice is 

abundant, but for new mothers, education is based on only scant evidence, hearsay and 

tradition. And regardless of the cause or intensity, LBP/LBD is so common it is often considered 

trivial, with many new mothers becoming self-effacing, believing they shouldn’t complain 

(Stewart, 2010). 

For postpartum women, there are a number of variables that likely contribute to the 

destabilising of the lumbar spine, which may compromise lower back strength, function and 

biomechanics in load bearing as well as induce pain. From the results of this study, it is difficult 

to determine the strongest temporal associations because the group sample was small and the 

range of potential interacting variables was broad. Although all participants exhibited similar 

post-birth outcomes and anthropometric changes, none of the measured variables could be 

considered significantly correlated with the changes in lower back strength and function. The 

most commonly reported theme, however, was the number of hours attending to CCW, and 

the difficulty of performing certain tasks; these were made more difficult when the CCW 

equipment compromised posture. By the second post-birth test session, five of the 

participants had returned to reduced hours of paid work and one was in full time CCW. At this 

test time, all participants stated they had to ask their partners to assist with lifting, as these 

tasks exacerbated their LBP/LBD. Four of the six participants had a baby with dimensions at or 
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over the 90th percentile (i.e. longer and heavy, with larger heads than the average sized baby 

load). However, three of these women had reduced hours of CCW as they had returned to 

work.  

Common CCW, although not objectively measured in this study, was the subject of prior 

research by this author (Stewart, 2010). The key message from that research was that 

compression and shear forces on the lumbar spine of women lifting a 3-month baby load from 

a waist height surface, was enough to increase the risk of lumbar spine injury in an average 

healthy female. The current study, however, assessed the impact of postural fatigue on the 

dynamic lower back strength and function in trunk extension, an action that is repeated many 

times a day when performing CCW. It is likely that as a new mother, the frequent 

compromised lifting of awkward loads, may be exacerbating lumbar spine structures that are 

already perturbed from the physiological and anthropometric changes that occur during 

pregnancy and childbirth. This may, in consequence, give rise to biomechanical inefficiencies 

which maintain the disturbance of spinal structures and prevent a natural resolution. 

This study revealed that lower back strength and function were compromised in all 

participants. Although postpartum women are generally instructed to take care with exercise 

and load bearing during the first 6-8 weeks after delivery, our results indicate that even in 

these fit, healthy, average size women, the strength and function for five of the participants 

was compromised for at least six months and well beyond this time for three others. Although 

fathers may take paternity leave for the birth of a child (AIFS, 2010; ILO, 2018), this may not be 

adequate for meeting the needs of the recovering woman. 

The results also create questions in relation to women who are in second or subsequent 

pregnancies, as well as for women who have a higher BMI, or disproportionate 

anthropometry. These findings question whether there is a case for an objective test to assess 

lower back strength and function in postpartum women.  Furthermore, when prescribing 

rehabilitation methods, is there a case for resolving the lack of ergonomic understanding for 

CCW? 

This study provided the opportunity to follow a group of women through their first pregnancy 

and the first nine months of postpartum life; allowing not only a record of their personal 

health experience of this life changing event, but also measuring the physical and physiological 

changes to their body. It was the ability to objectify the evolving response of lower back 

strength and function, and put it into a lifestyle perspective that made this study unique.  
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CONCLUSIONS 

Although deficits in strength and function were noted from pre- to post-fatigue at the various 

test sessions after childbirth, these were not significant due to the small sample and the large 

variation in scores. However, the data as shown, may present a skewed impression of the 

outcome as the results only related to the participants who were confident to perform the 

strength and function test. Furthermore, the study revealed that even though all births were 

uncomplicated, healthy lower back strength and function was not restored within 8 weeks of 

parturition as might have been expected and, by 34 weeks post-birth, poor resolution of lower 

back strength and function remained for half the participants. This outcome highlighted the 

need for more research in this area so that accurate, evidence-based information can be 

provided for pregnant and postpartum women in relation to MH. It also reinforces the need 

for objective low back strength and function testing, individually-prescribed recovery plans 

during the postpartum phase, as well as the imperative for ergonomic assessment of CCW 

equipment and task designs.  
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CHAPTER EIGHT 

 
SUMMARY AND CONCLUSIONS  

Introduction 

Our typical understanding of manual handling (MH) work doesn’t immediately conjure visions 

of a woman carrying a young child; much less the sequence of trunk loading work performed 

by the carer prior to and following this ‘simple’ weight bearing task. This is, however, the 

indeterminate reality of child care work (CCW) which involves approximately 80% of 25-45 

year old women. This is atypical work, comprising unpredictable, awkward and often difficult 

live loads; purpose built equipment; and 24-hour readiness for physical response. This is also 

work that around 50% of mothers of young children blame for their unresolved pain or 

disability in the lower back (LBP/LBD) (Tong et al., 2003; Sanders & Morse, 2005; Stewart, 

2010).  

Although reports of this cause-effect association between CCW and LBP/LBD have been made 

since the 1960s, there have been very few investigations on the broad scope of this work and 

its complexities. We know very little about the implications for LBD among women performing 

CCW and/or whether women may have a different risk to work-related LBD than men.  

Furthermore, we have little knowledge of the repercussions from CCW-related LBD regarding 

industrial work place back injury statistics, with reports from the last two decades revealing 

that women aged 35-54 y have the highest of all LBD-related work place absenteeism (ASCC 1, 

2007; EASH, 2007; ILO, 2013; United Kingdom Labour Force (UKLF), 2016; WHO 2016). 

Notwithstanding what we do know about women and LBP/LBD, it appears that industry MH 

and work capacity guidelines for mitigating back injury risk are based mostly on the classic 

form of ‘gender-neutral’ MH work, with generic advice limited to uncomplicated, conventional 

lifting. There is scant evidence of research that examines uniquely female characteristics in 

connection with trunk loading work, or the type of non-descript, manual and care (paid and 

non-paid) work many women do. Furthermore, there is no national or international 

organisation overseeing best practice occupational safety and health for women performing 

domestic CCW, nor any authority or research and development framework regulating operator 

standards on the equipment designed for use in this manual work. As a result of this void in 

knowledge, this thesis has investigated the performance of a lifting task common to 

commercial and domestic CCW, and has examined the ergonomic considerations that may 

contribute to an increased risk of work-related LBD for female operators. 
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Chapter Four – Study One: A pilot study to establish a protocol for assessing dynamic lower 

back strength and function in women performing a symmetric, sagittal plane lift 

The most common physical action of a carer in CCW work is bending forward to lower, lift, 

work on, pacify, or slide the load of a young child into or out of equipment (Figures 8.2, 8.3; at 

the end of this chapter). The action of holding a loaded flexed trunk posture places 

biomechanical strains on muscles and ligaments surrounding the lumbo-sacral spine. Holding 

this static posture for some period of time can also cause fluid creep in the intervertebral discs 

and transient extension (creep) in the ligaments or joint capsules; possibly destabilising spinal 

joint structures during any subsequent trunk extension into upright stance. The potential joint 

instability and subsequent loaded motion may also heighten compression and shear forces 

during trunk extension toward an upright posture and this may result in soft tissue strain in the 

lower back of the operator. This commonly performed action is affected by the size and 

behaviour of the load, the design of the equipment being used, and the morphology of the 

female operators (carers), many of whom could be pregnant or postpartum. 

The aim of Study One, involving 22 nulligravida women was to recreate, as closely as possible, 

the action of lifting a child from waist height after a period of held, static trunk flexion. The 

principal considerations were to create a test protocol that was relevant, repeatable, efficient 

and safe for the range of women who would be tested throughout this research program. In 

developing the suitability of the protocol (yet minimising inherent back injury risk), it was 

important to optimise the period for the held trunk flexion. Six ‘fatigue’ periods were tested 

and the data reviewed for a number of possible variable outcomes. This helped to determine 

the methodology for the subsequent three studies.  

The test protocol was modified to minimise back injury risk by completing the first two pre- 

and single post-fatigue trunk extensions without substantial force and the intervening three 

trunk extension repetitions with maximum force. This meant that in the post-fatigue trials, 

participants could adjust their posture (whether consciously or unconsciously) in readiness to 

overcome the inertia at the point of lift to loaded trunk extension. The two non-loaded, 

minimal force extensions likely provided some ‘warm-up’ to the trunk extensor muscles in 

readiness for the load bearing actions (maximum force) to follow. This would not usually be 

the case in real life, where the carer would normally lift directly following the static flexed 

posture, in order to overcome inertia of the load.  

The results from this study indicated that the randomised order of the fatigue periods did not 

greatly affect the post-fatigue changes in lower back strength or function, with data indicating 

statistically significant declines in all but the 0 s post-fatigue trials; despite the two ‘warm-up’ 
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extension motions. The 0 s condition elicited the strongest second set efforts, which may re-

enforce that there was a ‘warm-up’ response, or no creep development, and/or minimal 

extensor muscle fatigue in this repeat test. The randomising of fatigue duration could also be 

compared to the real life situation, in which care work frequently involves a spontaneous 

physical response in handling, where the carer has to adapt to meet the needs of the infant 

load, task and equipment. As a result of the similar deficit outcomes, a decision was made to 

adopt the 60 s fatigue duration for the subsequent test protocols because it was time efficient 

and supported by questionnaire results from Stewart (2010) as being a realistic duration for 

working with an infant. The outcome of this study also showed that, although the test protocol 

mitigated for injury risk, the results provided valuable data and information contributing to the 

findings of this research as a whole; primarily that for this group of healthy young women, 

lower back fatigue was apparent in all five post-fatigue trunk extension trials.   

 

Chapter Five – Study Two: Dynamic lower back strength and function across of the menstrual 

cycle in nulligravida women performing a common lifting task 

The original intention of this study was to investigate changes in lower back strength and 

function across the menstrual cycle and to create a control data set, providing a reference 

point for  comparison against Studies Three (pregnant women) and Four (postpartum women). 

This study hypothesised that there would be a difference in lower back strength and function 

outcomes associated with the different phases of the menstrual cycle (Menses/Follicular 

Phase, Ovulation Phase, Luteal Phase) and the concurrent changes in concentrations of serum 

relaxin. Test variables also included anthropometric measurements and qualitative personal 

observations of lower back and emotional health. On face value, there appeared to be deficits 

in group performance of back strength and function observed in the ovulation phase. 

However, the wide range of individual scores made it difficult to achieve sufficient statistical 

power for the group mean differences, resulting in no statistically significant group outcomes 

either within or between the three test phases. Although the mean serum relaxin score for the 

luteal phase increased significantly (p<0.001), there was also a relatively broad range of 

individual responses; as there was across all secondary outcome variables.  

Exploring the data further, the individual serum relaxin scores for luteal phase were divided 

into high, medium and low concentration responses. Doing this exposed a differentiation 

between the three sub-groups in relation to trunk extension performance compared to the full 

group mean data; and surprisingly, hinted at an ethnicity-based association in these results. 

Participants’ diaries from each test session revealed a general awareness of changing physical 

ability and sense of wellness over the test series; reinforcing observations reported in other 
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studies of this nature acknowledging the unique effect of reproductive hormones on the 

wellness of ‘individual’ women rather than women as a group (Ahrens et al., 2014; Reece & 

Casey, 2015; Kim et al., 2017; Shultz, 2017).  

Like the previous research cited above, this study noted individual differences for participant 

outcomes both within and between their menstrual cycle experiences. These perspectives may 

also assist in understanding why there was a difference in the back strength and function 

results from the pilot study group (Study One), the majority of whom were Caucasian, 

compared to this study in which the participants were generated from four ethnic origins 

(African, Latin, Asian, Caucasian). Given these observations, the study became more than 

simply the control for the subsequent two studies; it also revealed variations within this group 

of nulligravida women that could initiate important insight for work practices and associated 

risk of musculoskeletal injury. Although for many participants, lower back strength and 

function was clearly perturbed for at least one of the test sessions, the participant numbers 

were too small to draw robust conclusions. The results do reinforce, however, that so much 

more research is needed in this area. Depending on type of work, task design, equipment and 

individual characteristics, generalising work-associated lower back injury risk for women as a 

group, at this stage remains problematic.  

 

Chapter Six – Study Three: Dynamic lower back strength and function in primigravida women 

performing a common lifting task 

With women’s health advice typically reassuring women that LBP in pregnancy is ‘normal’, 

women are advised that manual work can be performed unencumbered during the first 20 

weeks of pregnancy (AMA, 1984; NIOSH, 1999; MacDonald et al., 2013; Waters et al., 2014); 

that exercise during pregnancy is important; and to “listen to your body” (AMA, 1984; RCOG, 

2006; ACOG, 2017). While much of this advice is important, little is actually known about 

functional LBP/LBD during pregnancy, or if there are any acute or chronic implications from 

load bearing work or weight bearing exercise. Ten primigravida women completed the three-

test series commencing from week-8 of gestation. The results revealed significant differences 

in lower back strength and function between trimesters one and two. Trimester one produced 

the weakest and most consistent results for lower back strength and function, and serum 

relaxin was significantly greater in this phase compared to the other two. However, trimester 

two revealed a greater functional decline in post-fatigue trunk extension, as participants 

became more aware of their developing body size and shape encumbrances.  
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Context for these results came about when referring to the individual diaries, such that not all 

participants had the same experiences of LBP/LBD, or physical and emotional wellbeing at the 

same time. All but two individuals reported a sudden onset of severe LBP/LBD during the early 

weeks of the first trimester. This is a phase wherein there are only minor anthropometric 

changes from pre-pregnancy, but circulating serum relaxin is between 100-250 times greater 

than the average level during ovulation. It is possible that this extremely rapid rise in relaxin 

over the first few weeks of pregnancy might facilitate early physiological changes to the 

musculoskeletal structures of the trunk, affecting trunk extension strength and/or perturbing 

the biomechanics of trunk loading actions. Furthermore, as the uterus and internal abdominal 

pressure grows with the development of the foetus, it is possible that the lower back could be 

somewhat stabilised as the pregnancy progresses. This would provide a rationale for the 

generally improved outcomes of dynamic strength and function, although many women are 

aware of developing lower back, hip and pelvic pain towards late pregnancy. This was the case 

with individuals in this cohort; almost all participants expressed a feeling of physical strength 

and emotional wellbeing. Although participant numbers for this study were low, the results 

provided a quantified insight that has not previously been documented.  

  

Chapter Seven – Study Four: Dynamic lower back strength and function in postpartum 

women performing a common lifting task 

The current convention of postpartum recovery indicates that women, who have had an 

uncomplicated vaginal, singleton delivery, are free to recover at home within 24-48 hours of 

giving birth (ACOG, 2013). Women are advised that the physical side-effects from pregnancy 

and child birth will resolve naturally over time. During this recovery period (generally stated as 

5-8 weeks from delivery), standard instructions include that weight bearing activity should be 

kept to a minimum and that women should exercise and return to work as soon as they are 

‘medically fit’ to do so (ACOG, 2017). Although women may be well attended to by midwives 

and medical practitioners, there is no empirical evidence defining what constitutes being 

‘medically fit’. This study was primarily aimed at quantifying functional lower back strength 

and function in first time postpartum women. As with the previous studies, the protocol tested 

for temporal associations between changes in lower back strength and function, as well as in 

physical, physiological, emotional and lifestyle characteristics.    

This study involved six participants from the earlier primigravida study, utilising the group 

mean data for comparison through three phases between 8-34 weeks post-birth. The main 

limitation of this study was that the participant sample was small, with statistical power 

further reduced by the inability of all women to finish all components of the three test series. 
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A further limitation was that by 8 weeks post-birth, most participants had been prescribed oral 

contraception which eliminated the validity of serum relaxin data. However, to provide a 

greater insight through the pregnancy and postpartum experience, a series of case studies was 

documented on four participants, highlighting noteworthy individual effects.  

The collective group mean scores for the trunk extension test demonstrated that dynamic 

lower back strength and function were compromised at all test sessions, with the second test 

session (17-24 weeks) showing the largest deficit in post-fatigue strength and a considerable 

deficit in work capacity (Table 8.1). Although pre-fatigue strength and function had improved 

by the third test, large post-fatigue deficits were still observed. An important point to note in 

both of these tests though, was that two of the participants could not complete the third test 

and only five completed the second. Presumably the four women who completed all three 

tests were the most physically confident of the six original participants, which may bias the 

otherwise weak trunk extension results.  

Furthermore, the poor result for lower back strength and function in test two was perhaps 

counter-intuitive, with the outcome contradicting our expectation that lower back strength 

and function would improve over time, with muscles adapting to the lifting tasks and building 

strength with the increasing physical mass of the baby load. However, the changes in physical 

shape of the women through the three tests, presumably also had some effect on the efficient 

biomechanics of the trunk during the loaded extension test. It is important to note that in 

home based CCW, biomechanical perturbations for these women were likely further 

exacerbated by duration and frequency of load bearing tasks, as well as posture and trunk 

actions used when engaging in this new work. These factors could possibly be exacerbated 

because of a lack of sleep and physical rehabilitation time. All participants commented on the 

unexpected difficulty of exercise, work-life balance and the perpetual nature of the CCW that 

became part of their daily life.  

Although this was only a small group of healthy individuals, these findings revealed the largely 

unexpected emotional and physical fragility expressed by most of these women during this 

first experience of postpartum. The study also revealed the weakest back strength and 

function scores were recorded in the second test phase, a time when, according to 

professional advice, women would expect to have been fully recovered. The results highlight 

too, the question of how these outcome factors relate to women of caesarean delivery, or 

following second or subsequent pregnancies, while also managing a young child. This result 

suggests grounds for a standard test assessing lower back strength and function, objectifying 

readiness and/or personalised prescription for postpartum women in relation to loaded 
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exercise and work capacity. The study reiterates the concerns in relation to the lack of 

understanding of the ergonomics involved in CCW for this population of women.  

Discussion Summary 

A meaningful change in lower back strength and function could be either improvement or 

decline in performance, neither of which can be taken on face value. In the dynamic back 

strength protocol used through these studies, the test-retest data measured peak strength as 

the outcome of one moment in one of the three maximal repetitions; whereas the work 

capacity/function was a measure of strength sustained throughout the three repetition set. A 

reduction in work capacity could be associated with incomplete full range of motion and/or an 

inability to apply consistent force through the repetitions, both of which (in this test protocol) 

were accepted as signs of muscle fatigue (Biodex, 2006). Where there was a greater decline in 

work capacity rather than peak strength, this likely indicated that applied force in trunk 

extension was erratic and an indicator of changing muscle engagement to complete the lift 

and/or a reduced ability to apply force due to muscle fatigue. This is similar to sub-maximal 

and repetitive lifting, in which fatigue lessens the ability to extend the trunk and lift a load, but 

doesn’t completely inhibit the lift (Marras et al., 2002; Enoka & Duchateau, 2008; Morris, 

2010). Such a scenario is generally associated with non-specific back disorder. The Biodex 

Manual (2006) prescribes test-retest outcomes with a deficit of 11-25% as showing a scaling of 

reduced trunk extensor function, with deficits over 25% indicating significant functional 

impairment. Table 8.1 provides the percentage differences in lower back peak strength and 

function for pre- to post-fatigue measures in each of the four studies.  

Study 
Test Session One Test Session Two Test Session Three 

 Strength  
        % 

Function 
       % 

 Strength  
        % 

Function 
       % 

 Strength  
        % 

Function 
       % 

Study One  
(n=22) 

7 8.5     

Study Two  
(n=21) 

1.5 0.5 5.7 10 1.8 3.5 

Study Three 
(n=10) 

18 18 13 23.5 _ _ 

Study Four 
(n=6, 5, 4) 

2.5 3.1 17.5 11 10 10 

Table 8.1 Differences in group mean scores pre- to post-fatigue for peak strength and 
function at each phase of testing in the four studies. Improved performance is indicated in 
italics, otherwise the percentage pre- to post-fatigue deficit is shown. Figures in bold 
highlight a deficit ≥10% to indicate where individual participants are likely to be 
experiencing clinical functional impairment. 
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The results from all four studies highlighted the individuality in responses to trunk load bearing 

work and how dynamic trunk extensor strength and function can change over time, both for an 

individual and between individuals. Although the Biodex reference guides clinical advice for an 

individual assessment, our data in Table 8.1 puts a clinical perspective on the primary outcome 

variables. In Studies Two through Four, reported deficits between 10-23% likely indicate 

considerable functional impairment for at least several of the participants. Serum relaxin may 

also play an influential role in reduced work capacity during ovulation in Study Two (10%), and 

is strongly associated with the deficits in performance through Study Three. However, in Study 

Four, the remaining postpartum women demonstrated a clinical decline in lower back strength 

and function during the final two sessions. This is especially poignant since the outcome data 

are based on results only from those participants who felt strong enough to complete the test. 

Therefore, in this small sample of women who were confident enough to perform this test, the 

influencing variables for the resultant functional impairment are not clear; the only common 

factors reported across the six participants were the unexpected sense of lower back 

weakness, and the physical difficulties of CCW.   

The studies described in Chapters Five, Six and Seven (Studies Two, Three and Four), were 

planned to observe the unique characteristics of women at differing phases of their lives 

(never pregnant, first pregnancy and first postpartum); at which time, factors that are specific 

to women may affect the risk of LBP/LBD. We found that in the study of nulligravida women, 

no statistically significant change (p>0.05) in group lower back strength or function occurred 

through the phases of the menstrual cycle, but the individual results were broad ranging and 

presented the possibility of a grouped ethnic influence on concentrations of serum relaxin and 

associated responses in lower back strength and function.  The study of primigravida women 

revealed evidence of a clinical level of impairment in back strength and function early in 

pregnancy, with some short-term, but significant LBP coinciding with a significant increase in 

serum relaxin concentrations. Changes in trunk girths, body weight and a general awareness of 

LBD, also affected an individual’s ability to perform the strength test with confidence.  

The study of postpartum women, revealed that even though all births were uncomplicated, 

healthy lower back strength and function was not restored within 8 weeks of parturition as 

might have been expected. The data further revealed that, by the second test session, a 

clinically meaningful deterioration occurred in dynamic trunk strength and, by about 34 weeks 

post-birth, poor resolution of lower back strength and function remained for half the 

participants. For some, LBP/LBD heightened over time, thereby putting into question the 

general belief that a training effect occurs on muscle strength of the operator simultaneously 

with physical development and increasing weight of the infant/load.  
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Male 

              Primarily  
• Loaded, strength work  
• Paid employment 
• Quantifiable work hours        
• Quantifiable tasks  
• Industry OSH and  

equipment standards  
• Work-related trauma 

and injury  
• Identifiable cause and 

effect 
• Quantifiable injury and 

treatment 
• Sometimes awkward, 

atypical, sub-maximal, 
non-standard live loads, 
human interaction 

                Primarily  
• Care work 
• Paid and un-paid 
• Extended work hours 
• Unquantified tasks 
• No industry OSH or 

equipment standards 
• Work-associated, non-

specific injuries 
• No identifiable cause 

and effect 
• No quantifiable injury or 

treatment 
• Often awkward, 

atypical, sub-maximal, 
non-standard live loads, 
human interaction 

 

Uniquely Female Factors  
(during pregnancy, birth and postpartum) 
- Serum relaxin 
- Reproductive hormones 
- Changing anthropometry 
- Lordosis 
- Ligament laxity 
- Abdominal diastasis 
- Pelvic floor vulnerability 
- Spinal joint laxity 

Outcomes 
 

- LBP/LBD predisposition 
- Individual (not generic) 

responses 
- Changes over time 
- Possible ethnic 

influences 
- No definitive links yet 

established 
 

Figure 8.1 Sex differences in variables contributing to work-associated LBP/LBD, in 
relation to findings from Studies Two, Three & Four.  
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Figure 8.1 attempts to conceptualise the ergonomic and sex-specific considerations for MH 

work and the associated risk of LBP/LBD. During various phases of pregnancy and post-partum, 

it is likely that some women will experience a weakening of the tissues supporting the trunk, 

which correspond to changing levels of serum relaxin, and this could perturb lower back 

strength, function and biomechanical efficiency. Furthermore, lower back strength and 

function may be further compromised by manual handling tasks that are not ergonomically 

appropriate for the physical condition of some women. And it is probable that, through regular 

loaded actions and adopting awkward postures, the spinal connective tissues may be subject 

to frequent ‘micro-strains’ that even fit, healthy, strong bodied women, cannot tolerate.   

Most married women in paid employment (75%) are also reportedly engaged in an average 45 

hours/week in home making and CCW (Baxter, 2016). Previous research by this author 

(Stewart, 2010) detailed the unique characteristics of domestic CCW. A biomechanical 

examination of lifting with a flexed trunk posture revealed compression and shear forces on 

the lumbar spine joints exceeded lifting design limits for the average healthy female 

performing a single lift. A survey of more than 400 women by Stewart (2010) also identified a 

perceived relationship between specific CCW tasks and associated LBP/LBD, such that every 

one of the equipment-based tasks was associated with varying degrees of LBP/LBD. These 

disorders were then perceived to be exacerbated by the frequency and duration of the task, 

developmental stage of the baby load, and the number of pregnancies and children being 

worked with.  

The survey reported by Stewart (2010) also invited comments and insights from respondents. 

Apart from relating their LBP/LBD experiences, and their efforts of mitigation and back health 

support, the common theme was a declaration that these women felt they shouldn’t complain 

about their pain, that it was incumbent on being a mother. Figure 8.2 is a montage of readily 

available, contemporary images published by furniture manufactures and motherhood 

education websites, depicting some of the common tasks in a 24 hour day caring for a young 

child. These normal, familiar images provide an essential insight into understanding the 

emotional response to motherhood, but also veil the cumulative biomechanical consequences 

of these load bearing tasks and the relevant implications for lower back health in women. 

World-wide, the only design standards on any of these equipment items are in relation to 

mitigating injury risk for the baby. There are very few examples of CCW equipment that 

consider the actions required of the carer, let alone the fact that the carer will likely be 

postpartum or pregnant and/or be experiencing profound morphological and biomechanical 

perturbations to safe trunk loading during CCW.  
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A person’s ability to moderate forces on the lumbar spine, while adopting a flexed posture, is 

dependent on the design of equipment used in performing these tasks. For example, the most 

popular change table design (Figures 8.2, 8.3) denies optimal foot and knee placement, 

thereby facilitating the carer’s awkward posture and motion during the task. A lack of ankle, 

knee and hip flexion further limits the carer’s ability to moderate forces on the lumbar spine 

during flexed postures and when lowering and lifting the baby load to and from the change 

surface. The straight legged posture also forces greater trunk flexion to lower, work on, reach 

and lift the baby load, thus increasing the load and arc for the extensor muscles to pull the 

trunk back into upright stance (McGill, 1997; Cholewicki & VanVliet, 2002).  

The trunk extension test component of this study was designed to mitigate injury to 

participants and did so by eliminating the application of force for the first and second trunk 

extension repetitions in the pre-fatigue sets. Putting this into the context of real-life actions in 

CCW, the results of Study One indicated that after just 30 s of static trunk flexion, there was a 

marked decline in lower back strength and function across this group of healthy nulligravida 

women. How then does the frequent application of this sub-maximal tension on already 

distended, fatigued or weakened soft tissue, as observed in the pregnant and postpartum 

tests, affect the biomechanics of trunk loading? What are the implications for the carer from 

the real-life circumstances of CCW; the size and behaviour of the load; duration of the task and 

implications from equipment directing the awkward postures and work-flow of the task? 

Furthermore, what are the considerations and potential confounders for pregnant and 

postpartum women who are already mothers? In the survey by Stewart (2010), many 

respondents reported implications for CCW associated LBP/LBD with subsequent pregnancies 

and birth of a child; with this and other studies reporting that LBP is more likely to occur 

and/or be exacerbated in future pregnancies (Kristiansson et al., 1996; Ostgaard et al., 1997; 

Noren et al., 2002; Wu et al., 2004; Stewart 2010). 

In general, the results from this study indicate that the often reported variables of obesity, 

smoking, heightened pain perception, catastrophizing, anxiety and low socio-economic status 

may be associated with LBP in women, but are not necessarily precursors or agonists to 

women’s experience of non-specific LBP/LBD (Rollman, 2001; Leveille, 2005; Manek et al., 

2005; Bailey, 2009). Understanding that LBP is associated with neurological changes in the 

brain which subside as the pain is resolved, and that pain has a temporal association with 

emotional wellbeing, indicates that women reporting LBP may be depressed and/or anxious 

and may not show classic symptoms or diagnosable cause/effect for their LBP/LBD (Baliki et 

al., 2006; Fritz et al., 2016; Tsuji et al., 2016; Wang et al., 2016; Gatchel, 2017). However, this 
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does not necessarily mean that LBP is a symptom of depression/anxiety, rather than a 

contributor. 

This study delimited for smoking, obesity and the use of pharmaceutical analgesics, and 

recruited women from a range of work-life circumstances. Therefore, none of the above 

previously reported variables were considerations in the resultant outcomes from any of these 

four studies. By Darwin’s theory, the evolutionary process suggests humans developed over a 

very long period of time, with biological variations occurring based on the imperatives of 

survival and reproduction. The anthropometry of women and men are different because of 

their different functions developed over thousands of years, yet the physiological and 

biomechanical divergence between the sexes has been largely ignored in modern MH work, 

back injury assessment and mitigation analyses. Hence, the wide ranging dependent variable 

responses between individuals in these studies indicates the complexities in understanding the 

cause/effect diagnosis of LBP/LBD for women and any subsequently proffered injury mitigation 

strategies. 

 

Conclusions 

This thesis comprised a series of studies enlisting several scientific disciplines to establish a 

broad understanding of the ergonomic factors relating to women performing MH work. 

Although the participant samples were relatively small, there were key outcomes that are 

applicable to women and CCW. The studies revealed there is potential for reduced lower back 

strength and function in women for a few days during or following ovulation which may have 

implications for the risk of lower back injury. Pregnant women may be at greater risk of LBD 

during the first trimester of pregnancy and should be aware of this possibility; the onset of 

LBP/LBD during this time could create an ongoing LBD that may be controlled if women 

understand the potential implications for trunk loading, particularly women who are mothers 

of young children and in a second or subsequent pregnancy.  Postpartum women need to be 

aware that the expectation of a 6-8 week recovery of full function is possibly erroneous for 

many, and that load bearing work may increase their risk of acute and chronic LBD. 

Throughout the OECD, after three decades of government initiatives focussed on work place 

back injury mitigation strategies, women aged 35-54 y remain the sub-population with the 

most LBD-related work place absenteeism, with work-associated, non-specific LBD being the 

most commonly used description. In that time work place health, safety, ergonomics and 

education of workers have changed immensely. However, in 60 years of observing women 

working with children, very little has changed in relation to mitigating LBD in CCW or even 
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associating a cause/effect link between the work and the equipment. Figure 8.3 provides 

examples of then and now; the images present the contrast between the infant nursery 

equipment from 60 years ago and now (2019). In the past 60 years, what has changed for 

women performing CCW? It seems the care-work paradigm of CCW has become so normalised, 

that the obvious contradiction in what is recognised as safe MH work and good ergonomic 

design in industrial settings does not translate to CCW (Figure 8.4). 

This research does not intend to profile women as physically or emotionally frail. The 

differences between men and women in relation to LBP/LBD are more likely a response to all 

the variables discussed in this thesis (Figure 8.1), highlighting the importance of differentiating 

the sexes in matters of loadbearing work and OSH. The obvious contradiction in work place 

back injury mitigation is forcing carers, 90% of whom are women, into potentially dangerous 

postures and situations. CCW equipment design is not helping to mitigate lower back injury, it 

is exacerbating it. We can’t change the morphology of women, nor the morphology and 

behaviour of the baby loads, or that young children need care; but what we can change is the 

design of equipment being used and the advice we provide to women regarding safe CCW. 

 

Recommendations 

Although a larger participant sample would have been advantageous for this series of studies, 

the diversity of the test protocols were sufficiently challenging, and along with the range of 

disciplines and comparisons to other available research, this has provided a relevant 

preliminary examination of women, ergonomics and back disorder. This study has identified 

additional considerations required for women performing load bearing work and the need for 

women to be assessed separately to men in relation MH guidelines, women’s health, work 

standards and equipment design. It has also revealed that the systems of work and postures 

adopted by women when performing work in the home would not be acceptable in an industry 

or work place; nor would a work place accept equipment that is likely to augment the risk of 

work-associated LBD. This area of ergonomics clearly requires further research exploring the 

relationship between female reproductive hormones and spinal joint laxity, changing 

morphology and the biomechanical implications for trunk loading work.  

In 2001, the ILO-OSH Introduction to Guidelines on OSH Management Policy (2001, p 1) stated: 

“Employers and competent national institutions are accountable for and have a duty to 

organize measures designed to ensure occupational safety and health”. Understanding the 

work being performed in caring for young children and the implications for women’s lower 

back health, could ultimately reduce the cost of LBD to industry and health systems, and 
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reduce the number of women living in pain. It is strongly recommended that strategic research 

and development for CCW equipment design; and education for International Standards, 

manufacturers associations and safe operator use be undertaken. Further research will benefit 

the knowledge of work place practices for women, and education for women’s health 

professionals and educators, and provide informed guidance and personal certainty for the 

many women caring for young children.  
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Figure 8.2 Images from Google search April 2019 depicting common, contemporary and 
familiar tasks involving purpose built infant equipment. Note especially the poor postures 
adopted by the carer in these images. 

https://www.babycentre.co.uk/a559771/five-tips-for-safe-nappy-changing; 
https://www.youtube.com/watch?v=4ytpq_XH-HE; 
https://www.smythstoys.com/uk/en-gb/fisher-price-bathing-and-potty-range/fisher-price-
rinse-n-grow-baby-bath-tub/p/146525; 
https://www.google.com.au/search=putting+infant+in+a+car+seat 
https://www.google.com.au/search=putting+baby+in+a+pram 

https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiM76zjhZrhAhVDVisKHRgpClkQjRx6BAgBEAU&url=https://www.parents.com/baby/sleep/issues/teach-your-baby-to-sleep-in-just-7-days/&psig=AOvVaw3nDYL2U89rQ4zPP6vYFlbQ&ust=1553491631361641
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Figure 8.3 Images from Google search 2019 depicting common CCW tasks, carers, loads 
and equipment. (A) using change table surface circa 1950’s; (B) using change table 
surface circa 2019; (C) placing child into high chair circa 1950’s; (D) placing child into high 
chair circa 2019 (images: https://www.pinterest.com.au). 
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Figure 8.4 Examples of common images contrasting acceptable work postures in the work 
place compared to the home. (images: https://www.pinterest.com.au/clintcachia/ohs/ 
https://www.mydoorsign.com/diaper-station-bathroom-signs. 2018) 
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Appendix A 

Participant Inclusion Questionnaire 

Name:  

Mobile Telephone: 

Age:      

Please answer this questionnaire by providing the information required and removing either 
the YES or NO (OR mark YES or NO with an X) accordingly. Thank you. 

1 Height:     What is your approximate height?        (cm)  

2 Weight:    What is your weight?      (if pregnant please provide pre-pregnant weight)   (kg) 

3 Health:     Would you describe yourself as generally physically healthy? YES NO 

4 Would you describe yourself as generally happy and content? YES NO 

5 Have you experienced more than two miscarriages?       YES NO 

6 Do you use hormone based contraceptive or other therapies? YES NO 

7 Do you have an ongoing lower back injury or disorder? YES NO 

8 Do you regularly use pain relief or muscle relaxants? YES NO 

9 Do you smoke? YES NO 

10 Have you had a diagnosed spinal abnormality or injury? YES NO 

11 Would you do more than 7 hours of intense physical exercise per week? YES NO 

12 Do you do Yoga, Pilates or any Physical Therapy more than 3 times per week? 

13 Would you be available to attend 4 x 1 hour test sessions, each 6 weeks apart? 

PREGNANT YES NO 

1 Is this your first pregnancy? YES NO 

2 Are you currently between 6 – 14 weeks gestation? YES NO 

3 Is this a naturally conceived pregnancy YES NO 

  4 At this stage are you AVAILABLE to participate in a follow up study after your baby is born? YES NO 

Comments: 
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PARTICIPANT INFORMATION SHEET 
 (Pilot Study) 

Lower back strength and function in women of childbearing age: 
implications for manual handling and childcare work. 

Research Team: Ms Adele Stewart (PhD Candidate), 
Prof Timothy Ackland; A/Prof Kym Guelfi & Dr Andrew Williams 

This document may contain information that you do not understand. Before signing consent, please ask one 
of the research team members to explain anything that you do not clearly understand. 

This is a pilot study is part of a larger research project investigating back strength and function in 
women of child bearing age. 

AIM: To measure the effect of held (static) postural on lower back strength and function. 

WHY ARE WE DOING THIS STUDY? 
We want to know how the duration of held flexed posture (bending forward) impacts on lower 
back strength and function in women who work with babies and young children. 

Many tasks involved in childcare require held flexed posture, prior to lifting. Childcare workers 
(95% are women) have a higher rate of back injury than those in any other work place. We want to 
understand what it is about this work that facilitates the increased risk of back injury.  

PARTICIPANT GROUP 
General inclusion criterion requires that participants: 

1) Are between 20 – 45 years of age
2) Are average healthy weight and between 156 – 178 cm in height
3) Are in general good health
4) Have a normal menstrual cycle
5) Have no previous clinically diagnosed back pain or disability
6) Are non-smokers
7) Are not currently using analgesics, sedatives or muscle relaxant medication
8) Do not use oral contraceptive, fertility or hormonal therapies

General exclusion will exist for: 
1) Women with a history of lower back disorder (not related to pregnancy) that has required

medical investigation and management
2) Women who may be currently considered an above average athlete
3) Women who are using analgesic, muscle relaxant or sedative type medications on a regular

basis

Winthrop Professor Timothy Ackland
HEAD OF SCHOOL

School of Sport Science, Exercise and Health
M408, The University of Western Australia
35 Stirling Highway, Crawley WA 6009
T +61 8 6488 2361
F +61 8 6488 1039
E tim.ackland@uwa.edu.au
www.sseh.uwa.edu.au
CRICOS Provider Code: 00126G 
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TESTING 
All participants are requested to wear clothes suitable for exercising in. Testing is being carried out 
on UWA campus at the School of Sport Science, Exercise and Health.  
This Pilot study involves one test session of approximately ninety minutes duration. During this 
time, participants will have their height and weight measures recorded and will be requested to 
answer a brief demographics based questionnaire. Following this, back strength tests will be 
conducted using Biodex dynamometer (accommodative resistance exercise). This study will 
measure lower back strength before and after five different durations (0, 30, 60, 90, 120 seconds) 
of held flexed posture; i.e. the whole test is repeated five times, with a suitable recovery break 
between each of the five tests. 

POTENTIAL RISKS AND DISCOMFORTS 
This is not intended to be a strenuous testing procedure and participants are expected to move to 
the extent of their own comfort. Participants may refuse to attempt or continue any exercise to 
which they feel uncomfortable. Additionally, in an effort to limit risk of increased back discomfort 
during the test sessions, participants will be questioned and observed in relation to lower back 
pain and function throughout the test sessions and withdrawn from physical test if necessary. 

BENEFITS 
The outcome of this study will ultimately assist with more informed handling strategies in 
childcare as well as influence child care equipment design.  
Apart from the involvement, sense of contribution and educational experience; participants will 
learn more about their own body, strength changes and back health. 

CONFIDENTIALITY 
All data will be treated in the strictest of confidence. The collected information will only be used 
for the purpose of this project. Records disclosing your identity will only be accessible by the 
principal investigators and will not be made publicly available. If the results of the trial are 
published, they will be presented as group data and your identity will remain confidential. If 
reference to a single individual is made, this will only be done using code numbers. 

DATA MANAGEMENT  
Information will be stored during and after the research project as paper copies, database on 
computer hard drive and backup files on the University server. Paper copies will be kept in a 
locked file cabinet. All computers are password protected. Backup data files are on a restricted-
access, secure University server and folders are password protected. File cabinet and computer 
are kept in a locked, restricted-access room. Identifier codes and actual study data are kept in 
different locked locations for 5-7 years after publication. This will provide the ability to re-check 
data if challenges to the results are proposed. If any principal researcher(s) cease to be engaged in 
the project, all information collected/generated from the project will be passed over to the other 
investigators of the study. The principal investigator will have ownership of the information 
collected during the research project and resulting from the research project. Following the period 
of up-to 7 years, paper copies will be shredded, and all electronic files permanently deleted. 

PARTICIPATION 
Your participation is entirely voluntary and you may withdraw at any time without prejudice. 

RESULTS 
The results of this study will be analysed and presented as group data only. A summary of results 
will be available at the end of the study and these can be mailed to you upon request. If you have 
a question about this study, or would like more information kindly contact:   
Ms Adele Stewart at adele.stewart@research.uwa.edu.au 
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If you would like to participate in this study please complete and sign the accompanying consent 
form.  

We look forward to the opportunity of working with you on this project. 

Professor Timothy Ackland 
Head of School 
School of Sport Science, Exercise and Health 
The University of Western Australia 

Approval to conduct this research has been provided by The University of Western Australia, in 
accordance with its ethics review and approval procedures. Any person considering participation in 
this research project, or agreeing to participate, may raise any questions or issues with the 
researchers at any time. In addition, any person not satisfied with the response of researchers may 
raise ethics issues or concerns, and may make any complaints about this research project by 
contacting the Human Research Ethics Office at The University of Western Australia on (08) 6488 
3703 or by emailing to hreo-research@uwa.edu.au. All research participants are entitles to retain a 
copy of any Participant Information For and/or Participant Consent Form relating to this research 
project. 

Bracing for Biodex testing. Pictures show 1) the lower belt position over the pubis
bone and 2) the quick release aspect of harnessing straps. Upper strap holds
wrists into body to negate biceps action. Both upper and lower straps have quick
release buckles allowing participants to “let go” of the cross-bar and walk away
quickly and easily from equipment whenever necessary.

mailto:hreo-research@uwa.edu.au
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PARTICIPANT INFORMATION SHEET 

Lower back strength, pain and function in women of childbearing age: 
implications for manual handling and childcare work. 

Research Team: Ms Adele Stewart (PhD Candidate), 
Prof Timothy Ackland; A/Prof Kym Guelfi & Dr Andrew Williams 

This document may contain information that you do not understand. Before signing consent, please ask one 
of the research team members to explain anything that you do not clearly understand. 

The School of Sport Science, Exercise and Health is seeking volunteers to participate in a research 
study to investigate lower back strength, function and pain in women of childbearing age and the 
implications for manual handling and childcare work. 

Aim: To determine key risk indicators for lower back disorder in women, particularly those 
involved in childcare work.  

WHY ARE WE DOING THIS STUDY? 

Manual handling (MH) is integral to childcare work, and although the commercial childcare 
industry is subject to government occupational health and safety directives, the components of 
this work are complex, unique and generally outside the parameters of standard MH protocols. 

Lower back injury (LBI) is unusually high amongst commercial childcare workers. Some of the 
biomechanical elements of this work have been assessed and shown to exceed (MH) back injury 
risk design limits. It is possible that certain task components can be redesigned to limit the back 
injury hazard, however to fully understand the risk to workers, an objective assessment of the 
workers themselves needs to be done. 

More than 90% of childcare employees are women and although we may think of childcare work 
as a commercial enterprise, the majority of childcare is performed in the home. Home based work 
largely involves pregnant and postpartum women and the majority of these women will also 
experience pregnancy related lower back pain and/or pelvic girdle pain. To date little is known 
about the influences and functional consequences associated with this pain. 

One of the possible contributors to lower back pain and/or perturbed function in women, is a 
female “hormone” serum relaxin (SR). Serum relaxin is secreted along with progesterone during 
the menstrual cycle and fundamentally softens or loosens the collagen that gives strength to joint 

Winthrop Professor Timothy Ackland
HEAD OF SCHOOL

School of Sport Science, Exercise and Health
M408, The University of Western Australia
35 Stirling Highway, Crawley WA 6009
T +61 8 6488 2361
F +61 8 6488 1039
E tim.ackland@uwa.edu.au
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ligaments. Increased levels of blood SR have been associated with knee joint laxity and injuries in 
sports women as well as pelvic joint laxity during pregnancy. It is reasonable to consider that 
spinal joints of the lower back are also likely to be effected by increases in SR.  

It is possible that during periods of elevated SR; lower back strength, function and pain may be 
altered. If this is the case, it is likely that women have a heightened risk of lower back injury during 
this time. It is also possible that this risk is increased by load bearing work and in particular that 
which involves the unique components of childcare. However to date there is no empirical study 
comparing blood SR to lower back strength, function and pain.  

The aim of this research project is to investigate and measure lower back function in women 
identifying:  factors which may influence lower back/spinal joint dysfunction; factors which may 
help determine key risk indicators for lower back injury and deliver outcomes that can be used in 
modifying activities to reduce the risk of lower back injury in women, particularly those involved in 
childcare.  The outcome of this research may also have implications for pregnant and postpartum 
women employed in manual handling work. 

The research program will consist of two studies each performing three interrelated low risk sub-
studies; a questionnaire, a physical examination including body measurements as well as range of 
lower back strength and motion; and a blood sample taken to measure circulating serum relaxin.  

PARTICIPANT GROUPS 

General inclusion criterion requires that participants: 
1) Are between 20 – 45 years of age

2) Are average healthy weight and between 156 – 178 cm in height

3) Are in general good health

4) Have a normal (pre-pregnancy) menstrual cycle

5) Have no previous clinically diagnosed back pain or disability

6) Are non-smokers

7) Are not currently using analgesics, sedatives or muscle relaxant medication

8) Do not use oral contraceptive, fertility or hormonal therapies

General exclusion will exist for: 
1) Women who have experienced more than two miscarriages

2) Women with a history of lower back disorder (not related to pregnancy) that has required

medical investigation and management

3) Women who may be currently considered an above average athlete

4) Women who are using analgesic, muscle relaxant or sedative type medications on a regular

basis

Specific Inclusion Criterion 

Group One:   Pregnant Women 

 First pregnancy

 Singleton pregnancy

 Between 10 – 14 weeks gestation at commencement of study

 Naturally conceived pregnancy

 Would be AVAILABLE TO CONTINUE THE STUDY (Study Two) from 12 weeks postpartum
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Group Two:  Never Pregnant Women 

 No history of pregnancy

All participants will be required to attend the Gait Laboratory, in the School of Sport Science, 
Exercise and Health on four occasions at three or four-weekly intervals (over a period of 18 
weeks). Each visit will last for approximately one hour. Participants who are pregnant in the first 
study are also requested to return for a further four assessment sessions as part of Study Two.  

Test Sessions 
Participants are requested to wear two-piece garments, (swim wear or crop top and leggings) 
during the test procedures for access of spinal markers, photography and examination. In a 
private enclosure, participants will be measured for height, weight and girth measures;  will have a 
brief physical examination to determine abdominal muscle integrity, then have removable 
markers attached to the skin surface of the upper and lower lumbar spine perimeters and be 
photographed in standing position from side on to measure the curve of the lumbar spine. 
Participants will then be required to perform a given range of simple motion and strength in 
movement activities to be completed only to perceived ability on the day. Following this, 
participants will be requested to provide a blood sample of no more than 5 mL by needle 
extraction via the anticubital vein (front of the elbow).  

NB Blood samples may be stored using ID codes. Identification codes will be available only to the 
research team. Serum/plasma samples may be stored for 5 – 7 years after publication, for others 
to repeat the study if required, or in case the results are challenged, for the research team to re-
test. None of the samples will be used to establish tissue banks or genetic registers. 

POTENTIAL RISKS AND DISCOMFORTS 

For participants who are pregnant, please note:  
The test regime poses NO unusual RISK to the health of the foetus. All test procedures are non-
invasive and do not require participation beyond perceived comfort level.  

Strength and range of motion testing: (see attached photograph) 
This is not intended to be a strenuous testing procedure and participants are expected to move to 
the extent of their own comfort. Participants may refuse to attempt or continue any exercise to 
which they feel uncomfortable. Additionally, in an effort to limit risk of increased back discomfort 
during the test sessions, participants will be questioned and observed in relation to lower back 
pain and function throughout the test sessions and withdrawn from physical test if necessary. 

Blood sampling: 
Blood sampling is a low risk activity but participants should be aware that there are a number of 
minor complications that can result from blood sampling. In order for participants to give 
informed consent to blood sampling they should read and understand the following: 
1. Fainting: This is not common in healthy volunteers but can more commonly occur if participants
are unwell or suffering from a viral infection such as a cold or ‘flu. Participants who are extremely
apprehensive about the procedure or the sight of blood may also be prone to fainting. If this does
occur the participant will be laid down, and adequate ventilation with fresh air provided. A glass of
cold water or cool cloth on the back of the neck often helps to alleviate the symptoms.
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2. Bruising and Haematoma formation: Bruising is the most common post-procedure
complication. The likelihood of bruising can be greatly diminished by applying pressure to the
puncture site for 5 minutes after the completion of the procedure. Haematoma (bleeding under
the skin to form a raised swelling) can also occasionally occur and is minimised with prolonged
application of pressure to the site.

BENEFITS 
The findings of this study will increase our understanding of the manifestation of lower back 
disorder in pregnant and post-partum women. It is a comprehensive study which will shed light on 
the significant problem of back pain and reduced functionality experienced by the majority of 
pregnant women and women involved in child care work. As a result of this study we may be able 
to determine key indicators for periods of heightened back injury risk in pregnancy. We may also 
be able to provide specific directives to ergonomic practitioners in manual handling, child care 
task and equipment design. 

CONFIDENTIALITY 
All data will be treated in the strictest of confidence. The collected information will only be used 
for the purpose of this project. Records disclosing your identity will only be accessible by the 
principal investigators and will not be made publicly available. If the results of the trial are 
published, they will be presented as group data and your identity will remain confidential. If 
reference to a single individual is made, this will only be done using code numbers. 

DATA MANAGEMENT  
Information will be stored during and after the research project as paper copies, database on 
computer hard drive and backup files on the University server. Paper copies will be kept in a 
locked file cabinet. All computers are password protected. Backup data files are on a restricted-
access, secure University server and folders are password protected. File cabinet and computer 
are kept in a locked, restricted-access room. Identifier codes and actual study data are kept in 
different locked locations for 5-7 years after publication. This will provide the ability to re-check 
data if challenges to the results are proposed. If any principal researcher(s) cease to be engaged in 
the project, all information collected/generated from the project will be passed over to the other 
investigators of the study. The principal investigator will have ownership of the information 
collected during the research project and resulting from the research project. Following the period 
of up-to 7 years, paper copies will be shredded, and all electronic files permanently deleted. 

COST 
Participation in this trial will not result in any costs for you. There is a travel subsidy payment for 
participation in this study. 

PARTICIPATION 
Your participation is entirely voluntary and you may withdraw at any time without prejudice. 

WITHDRAWAL 
If you choose to withdraw at any stage, you may request that any, or all, of your data collected for 
the purpose of this project be destroyed. Any such request will be complied with without 
prejudice. 

RESULTS 
The results of this study will be analysed and presented as group data only. A summary of results 
will be available at the end of the study and these can be mailed to you upon request. If you have 
a question about this study, or would like more information kindly contact:   
Ms Adele Stewart at adele.stewart@research.uwa.edu.au 
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If you would like to participate in this study please complete and sign the accompanying consent 
form.  

We look forward to the opportunity of working with you on this project. 

Professor Timothy Ackland 
Head of School 
School of Sport Science, Exercise and Health 
The University of Western Australia 

Approval to conduct this research has been provided by The University of Western Australia, in 
accordance with its ethics review and approval procedures. Any person considering participation in 
this research project, or agreeing to participate, may raise any questions or issues with the 
researchers at any time. In addition, any person not satisfied with the response of researchers may 
raise ethics issues or concerns, and may make any complaints about this research project by 
contacting the Human Research Ethics Office at The University of Western Australia on (08) 6488 
3703 or by emailing to hreo-research@uwa.edu.au. All research participants are entitles to retain a 
copy of any Participant Information For and/or Participant Consent Form relating to this research 
project. 

Bracing for Biodex testing. Pictures show 1) the lower belt position over the pubis
bone and 2) the quick release aspect of harnessing straps. Upper strap holds
wrists into body to negate biceps action. Both upper and lower straps have quick
release buckles allowing participants to “let go” of the cross-bar and walk away
quickly and easily from equipment whenever necessary.

mailto:hreo-research@uwa.edu.au
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INFORMED CONSENT FORM 

(Pilot) 

Lower back strength and function in women of childbearing age: 
implications for childcare and manual handling work. 

I, ______________________________________ have read and understand the Participant Information Sheet and I
agree to take part in the study investigating lower back strength, pain and function in women.

I have received an explanation of the nature, purpose, duration and foreseeable effects of the study and what is
expected of me. The possible risks and benefits of the studies have been explained to me. I was given time and
opportunity to inquire about the trial and all my questions were answered to my satisfaction.

I am aware that the UWA Research Ethics Committee has subjected this study for review and has granted approval.

I understand that I will be required to visit the university on four occasions over a period of 18 weeks for approximately
one hour each time for both studies one and two.

I understand that I am free to withdraw from the study at any time, without the need to justify my decision.

I agree that the results of the studies may be published or presented, however my name and contact details will be
kept entirely confidential.

I understand that information collected for, used in, or generated by, this project will not be used for any other purpose
other than where disclosure is required by a court of law. That this information will be kept private for daily
management of the study, providing research advice to the participants and for providing relevant results back to
participants at the end of the study. That information to do with the research study and outcomes of the research is the
property of the researcher and may not be used without explicit agreement with the researcher.

I voluntarily consent to participate in this study:

___________________________  _______/_______/20__ 

Participant’s Signature and Date 

Approval to conduct this research has been provided by The University of Western Australia, in accordance with its ethics review 
and approval procedures. Any person considering participation in this research project, or agreeing to participate, may raise any 
questions or issues with the researchers at any time. In addition, any person not satisfied with the response of researchers may 
raise ethics issues or concerns, and may make any complaints about this research project by contacting the Human Research 
Ethics Office at The University of Western Australia on (08) 6488 3703 or by emailing to hreo-research@uwa.edu.au. All research 
participants are entitles to retain a copy of any Participant Information For and/or Participant Consent Form relating to this research 
project.

Winthrop Professor Timothy Ackland
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F +61 8 6488 1039
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www.sseh.uwa.edu.au
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INFORMED CONSENT FORM 
    (Never Pregnant Women) 

Lower back strength, pain and function in women of childbearing age: 
implications for childcare and manual handling work. 

I, ______________________________________ have read and understand the Participant Information Sheet and I
agree to take part in the study investigating lower back strength, pain and function in women.

I have received an explanation of the nature, purpose, duration and foreseeable effects of the study and what is
expected of me. The possible risks and benefits of the studies have been explained to me. I was given time and
opportunity to inquire about the trial and all my questions were answered to my satisfaction.

I am aware that the UWA Research Ethics Committee has subjected this study for review and has granted approval.

I understand that I will be required to visit the university on four occasions over a period of 18 weeks for approximately
one hour each time for both studies one and two.

I understand that at each visit a blood sample will be taken via needle extraction of about 5 ml.

I understand that I am free to withdraw from either study at any time, without the need to justify my decision.

I agree that the results of the studies may be published or presented, however my name and contact details will be
kept entirely confidential.
I understand that unless otherwise stated, my blood samples will be stored and kept for up to 7 years for any further
test requirements to do with this study and that none of the samples will be used to establish tissue banks or genetic
registers.
I understand that information collected for, used in, or generated by, this project will not be used for any other purpose
other than where disclosure is required by a court of law. That this information will be kept private for daily
management of the study, providing research advice to the participants and for providing relevant results back to
participants at the end of the study. That information to do with the research study and outcomes of the research is the
property of the researcher and may not be used without explicit agreement with the researcher.

I agree to blood samples being stored as stated; OR 

I want my blood samples destroyed directly following the final analysis    

I voluntarily consent to participate in this study:

___________________________  _______/_______/20__ 

Participant’s Signature and Date 

Approval to conduct this research has been provided by The University of Western Australia, in accordance with its ethics review 
and approval procedures. Any person considering participation in this research project, or agreeing to participate, may raise any 
questions or issues with the researchers at any time. In addition, any person not satisfied with the response of researchers may 
raise ethics issues or concerns, and may make any complaints about this research project by contacting the Human Research 
Ethics Office at The University of Western Australia on (08) 6488 3703 or by emailing to hreo-research@uwa.edu.au. All research 
participants are entitles to retain a copy of any Participant Information For and/or Participant Consent Form relating to this research 
project.

Winthrop Professor Timothy Ackland
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INFORMED CONSENT FORM 
   (Pregnant Women) 

Lower back strength, pain and function in women of childbearing age: 
implications for childcare and manual handling work. 

I, ______________________________________ have read and understand the Participant Information Sheet and I
agree to take part in the study investigating lower back strength, pain and function in women. Furthermore, I
understand and agree to participate in Study Two and acknowledge that I will receive contact from the researchers at
or around 8 weeks post-partum.

I have received an explanation of the nature, purpose, duration and foreseeable effects of the study and what is
expected of me. The possible risks and benefits of the studies have been explained to me. I was given time and
opportunity to inquire about the trial and all my questions were answered to my satisfaction.

I am aware that the UWA Research Ethics Committee has subjected this study for review and has granted approval.

I understand that I will be required to visit the university on four occasions over a period of 18 weeks for approximately
one hour each time for both studies one and two.

I understand that at each visit a blood sample will be taken via needle extraction of about 5 ml.

I understand that I am free to withdraw from either study at any time, without the need to justify my decision.

I agree that the results of the studies may be published or presented, however my name and contact details will be
kept entirely confidential.
I understand that unless otherwise stated, my blood samples will be stored and kept for up to 7 years for any further
test requirements to do with this study and that none of the samples will be used to establish tissue banks or genetic
registers.
I understand that information collected for, used in, or generated by, this project will not be used for any other purpose
other than where disclosure is required by a court of law. That this information will be kept private for daily
management of the study, providing research advice to the participants and for providing relevant results back to
participants at the end of the study. That information to do with the research study and outcomes of the research is the
property of the researcher and may not be used without explicit agreement with the researcher.

I agree to blood samples being stored as stated; OR 

I want my blood samples destroyed directly following the final analysis    

I voluntarily consent to participate in this study:

___________________________  _______/_______/20__ 

Participant’s Signature and Date 

Approval to conduct this research has been provided by The University of Western Australia, in accordance with its ethics review 
and approval procedures. Any person considering participation in this research project, or agreeing to participate, may raise any 
questions or issues with the researchers at any time. In addition, any person not satisfied with the response of researchers may 
raise ethics issues or concerns, and may make any complaints about this research project by contacting the Human Research 
Ethics Office at The University of Western Australia on (08) 6488 3703 or by emailing to hreo-research@uwa.edu.au. All research 
participants are entitles to retain a copy of any Participant Information For and/or Participant Consent Form relating to this research 
project.
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INFORMED CONSENT FORM 
    (Postpartum Women) 

Lower back strength, pain and function in women of childbearing age: 
implications for childcare and manual handling work. 

I, ______________________________________ have read and understand the Participant Information Sheet and I
agree to take part in the study investigating lower back strength, pain and function in women.

I have received an explanation of the nature, purpose, duration and foreseeable effects of the study and what is
expected of me. The possible risks and benefits of the studies have been explained to me. I was given time and
opportunity to inquire about the trial and all my questions were answered to my satisfaction.

I am aware that the UWA Research Ethics Committee has subjected this study for review and has granted approval.

I understand that I will be required to visit the university on four occasions over a period of 18 weeks for approximately
one hour each time for both studies one and two.

I understand that at each visit a blood sample will be taken via needle extraction of about 5 ml.

I understand that I am free to withdraw from either study at any time, without the need to justify my decision.

I agree that the results of the studies may be published or presented, however my name and contact details will be
kept entirely confidential.
I understand that unless otherwise stated, my blood samples will be stored and kept for up to 7 years for any further
test requirements to do with this study and that none of the samples will be used to establish tissue banks or genetic
registers.
I understand that information collected for, used in, or generated by, this project will not be used for any other purpose
other than where disclosure is required by a court of law. That this information will be kept private for daily
management of the study, providing research advice to the participants and for providing relevant results back to
participants at the end of the study. That information to do with the research study and outcomes of the research is the
property of the researcher and may not be used without explicit agreement with the researcher.

I agree to blood samples being stored as stated; OR 

I want my blood samples destroyed directly following the final analysis    

I voluntarily consent to participate in this study:

___________________________  _______/_______/20__ 

Participant’s Signature and Date 

Approval to conduct this research has been provided by The University of Western Australia, in accordance with its ethics review 
and approval procedures. Any person considering participation in this research project, or agreeing to participate, may raise any 
questions or issues with the researchers at any time. In addition, any person not satisfied with the response of researchers may 
raise ethics issues or concerns, and may make any complaints about this research project by contacting the Human Research 
Ethics Office at The University of Western Australia on (08) 6488 3703 or by emailing to hreo-research@uwa.edu.au. All research 
participants are entitles to retain a copy of any Participant Information For and/or Participant Consent Form relating to this research 
project.
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 GENERAL HEALTH QUESTIONNAIRE Pilot

Date ID

1 AGE

2 GENERAL PHYSICAL HEALTH reg unwell occ unwell reg healthy

Comments: 

3  In the last week I have been feeling reg sad/anxious occ sad/anxious nev sad/anx

Comments: 

4 WEEKLY EXERCISE <1 hour 1-3 hours >3 hours

Rate your fitness low moderate high

Comments: 

5 OCCUPATION Professional   Clerical   Manual Handling Student

Not employed Health/Child Care Home duties  

Comments: 

6 HOURS OF WORK/WEEK < 10  10 - 20    20 - 30  30 - 40   > 40

Comments: 

7 DO YOU WORK SHIFTS never occasional frequent

Day/night rotation % nights % days % other

Comments: 

8 HOURS OF SLEEP/night Total Unbroken

Comments:

9 GENERAL DAILY MH never occasional (<2 hrs/day) frequent (> 2hrs/day)

10 MH CHILDREN < 4 y.o. never occasional (<2 hrs/day) frequent (> 2hrs/day)

11 PELVIC FLOOR (stress inc) never occasional frequent

Comments:

12 DESCRIBE MENSTRUAL CYCLE no period irreg. period light period reg. period heavy period

13 LAST MENSTRUAL PERIOD Start: Finish: Day:

Comments:

14 HISTORY OF KNEE, ANKLE, HIP, SHOULDER JOINT YES NO

Comments: 

15 HISTORY OF LOWER BACK INJURY/DISORDER YES NO

Comments: 

16 RATE 0 -5  

LBP today rate:

LBD today rate:

Confidence to BEND and LIFT rate:

Comments: 

151

Appendix D



Q1:3  GENERAL HEALTH QUESTIONNAIRE Pregnant

Date ID

Test session     1   2   3   4

1 AGE

2 GENERAL PHYSICAL HEALTH reg unwell occ unwell reg healthy

Comments: 

3 WEEKLY EXERCISE <1 hour low 1-3 hours moderate >3 hours high

4 OCCUPATION Professional   Clerical   Manual Handling Student

Not employed Health/Child Care Home duties  

5 HOURS OF WORK/WEEK < 10  10 - 20    20 - 30  30 - 40   > 40

6 DO YOU WORK SHIFTS never occasional regularly 

Comments: 

7 HOURS OF SLEEP/night Total Unbroken

            Use a body pillow? YES NO

8 BACK CARE when getting in/out of bed Function 0-5 LBP 0-5

Comments:

9 GENERAL DAILY MH never occasional <1 hrs/day frequent > 2hrs/day

10 MH CHILDREN < 4 y.o. never occasional <1 hrs/day frequent > 2hrs/day

11 PELVIC FLOOR stress inc never occasional frequent

12 DESCRIBE USUAL MENSTRUATION no period irreg. period light period reg. period heavy period

13 MORNING SICKNESS Rate 0-5

Onset Duration

Do you have back pain when vomiting ? YES NO

Comments:

14 GESTATIONAL AGE OF FETUS (weeks) Due Date

15 HISTORY OF KNEE, ANKLE, HIP SHOULD JOINT LAXITY INJURY/PROBLEM YES NO

Comments: 

16 HISTORY OF LOWER BACK INJURY/DISORDER YES NO

Comments: 

17 Rate 0 - 5

LBP Today 0 - 5

LBD Today 0 - 5

Confidence to BEND and LIFT 0 - 5

Comments: 
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Q1:4  GENERAL HEALTH QUESTIONNAIRE Study Two

Date

ID

Duration in hospital/care postpartum Test session 

1 AGE

2 GENERAL PHYSICAL HEALTH reg unwell occ unwell reg healthy

Comments: 

3 WEEKLY EXERCISE <1 hour (low) 1-3 hours (moderate) >3 hours (high)

Comments: 

4 OCCUPATION Professional  Clerical   Manual Handling Student

Not employed Health/Child Care Home duties   Leave

Comments: 

5 HOURS OF WORK/WEEK < 10  10 - 20    20 - 30  30 - 40   > 40

Comments: 

6 DO YOU WORK SHIFTS never occasional regularly 

Day/night rotation % nights % days % other

Comments: 

7 HOURS OF SLEEP/NIGHT Total Unbroken

Comments: 

8 FEEDING AT NIGHT YES NO Frequency

Comments: 

9 BACK CARE when getting in/out of bed LBP  0 - 5 LBD 0 - 5 

Comments: 

10 GENERAL DAILY MH never occasional <1 hrs/day frequent > 2hrs/day

Comments: 

11 MH CHILDREN < 4 y.o. never occasional <1 hrs/day frequent > 2hrs/day

Comments: 

12 PELVIC FLOOR stress inc never occasional frequent

Comments: 

13 LAST MENSTRUAL PERIOD Start: Day:

14 Are you currently using hormonal contraception? YES NO

15 BABY AGE weeks weight length head

16 FEEDING Breast/Bottle Times/day Feeding chair?

Rate 0 - 5 LBP with feeding LBD with feeding?

Comments: 

17 Rate  LBP Today 0 - 5

Rate  LBD Today 0 - 5

Confidence to BEND and LIFT 0 - 5

Comments: 
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   PARTICIPANT BACK PAIN AND DISABILITY
 (FILL OUT AT EACH SESSION)

Date Session  1   2   3   4

Name ID:

Please REPORT and approximate time frame of back pain and dysfunction in the past six wee

This questionnaire has been designed to give us information on LOWER back function and
pain and its affect on your every day life.

Type of Pain 
Pain coincides with dysfunction; brief "catch" relieved with change in posture A

Pain coincides with dysfunction; sharp and painful "catch", but remains  B

regardless of posture change

Pain is localised and constant regardless of posture changes C

Pain is localised but comes and goes regardless of movement actions D

Pain starts in lower back but radiates down the back/front of the upper leg E

Pain is general ache in lower back; comes & goes regardless of movement actions F

What is your experience with: Generalised Back Pain
No pain
Very mild pain
Moderate pain
Fairly severe pain
Very severe pain
Worst imaginable pain

What is your experience with: Personal Care
I can look after myself normally without causing extra pain
I can look after myself normally but it causes extra pain
It is painful to look after myself and I am slow and careful
I need some help but manage most of my personal care
I need help every day in most aspects of self care
I do not get dressed wash with difficulty and stay in bed

What is your experience with: Lifting
I can lift heavy weights without extra pain
I can lift heavy weights but it gives extra pain
Pain prevents me from lifting heavy weights off the floor but I can manage if they are

conveniently positioned for example on a table
Pain prevents me from lifting heavy weights but I can manage light to medium

weights if they are conveniently positioned
I can lift only very light weights
I cannot lift or carry anything at all

What is your experience with: Walking
Pain does not prevent me walking any distance
Pain prevents me walking more than 1.5 km
Pain prevents me walking more than 800m
Pain prevents me walking more than 400m
I can only walk using a stick or crutches
I am in bed most of the time and have to crawl to the toilet
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What is your experience with: Sitting
I can sit in any chair as long as I like
I can only sit in my favorite chair as long as I like
Pain prevents me sitting more than 1 hour
Pain prevents me from sitting more than 0.5 hours
Pain prevents me from sitting more than 10 minutes
Pain prevents me from sitting at all

What is your experience with: Standing
I can stand as long as I want without extra pain
I can stand as long as I want but it gives me extra pain
Pain prevents me from standing for more than 1 hour
Pain prevents me from standing for more than 30 minutes
Pain prevents me from standing for more than 10 minutes
Pain prevents me from standing at all

What is your experience with: Sleeping
Pain does not prevent me from sleeping well
I can sleep well only by using tablets
Even when I take tablets I have less than 6 hours sleep
Even when I take tablets I have less than 4 hours sleep
Even when I take tablets I have less than 2 hours of sleep
Pain prevents me from sleeping at all

What is your experience with: Social Life
My social life is normal and gives me no extra pain
My social life is normal but increases the degree of pain
Pain has no significant effect on my social life apart from limiting energetic activities
Pain has restricted my social life and I do not go out as often
Pain has restricted my social life to my home
I have no social life because of pain

What is your experience with: Travelling
I can travel anywhere without extra pain
I can travel anywhere but it gives me extra pain
Pain is bad but I manage journeys over 2 hours
Pain restricts me to journeys of less than 1 hour
Pain restricts me to short necessary journeys under 30 minutes
Pain prevents me from traveling except to the doctor or hospital

What is your experience with: Changing Degree of Pain
My pain is rapidly getting better
My pain fluctuates but is definatively getting better
My pain seems to be getting better, but improvement is slow at present
My pain is neither getting better nor worse
My pain is gradually worsening
My pain is rapidly worsening
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Q2:2

BODY MAP 

Use the grid on the body map
to locate the closest region 

of any pain and/or dysfunction.

NB Please note the date/dates 

 of pain/disabilty experience.

Comment:

UPPER BACK

UPPER BACK

LOWER BACK

PELVIS

L1
L2
L3
L4
L5
S1
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Q3:2  

WOMEN, HORMONES AND BACK STRENGTH

Date_______________

ID    _______________
Session

1 2 3 4

In the past 4 weeks: None of
the time

A little of
the time

Some of
the time

Most of
the time

All of
the time

1. About how often did you feel tired out for no good
reason?

2. About how often did you feel nervous?

3. About how often did you feel so nervous that
nothing could calm you down?

4. About how often did you feel hopeless?

5. About how often did you feel restless or fidgety?

6. About how often did you feel so restless you could
not sit still?

7. About how often did you feel depressed?

8. About how often did you feel that everything is
an effort?

9. About how often did you feel so sad that nothing
could cheer you up?

10. About how often did you feel worthless?
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Q 4 

STUDY TWO  

CHILDCARE ACTIVITYQUESTIONNAIRE

Date____________________  ID____________________ 

 Age of baby_______________                   Test Session  1   2   3   4      

Please rate the following 0-5 for symptoms
NB: “Disability” is any restriction or lack of ability to perform an activity within your normal range.  

0=nil   1=occasional mild   2=frequent mild   3=moderate   4=frequent painful/disabling   5=extreme disabling pain

NAPPY CHANGE TASK
How many times a day do you perform a nappy change   ……………………………………. 

How many times during the night do you perform a nappy change………………….……….. 

What equipment do you use to perform this task…………………what height………………. 

How long does the task take to complete……………………………………………………….. 

Which is worse…..Lift or Lower………………………………………………………………….. 

When you are changing a baby’s nappy rate the posture:

Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:___________________________________________________________

When you lift/lower a baby from a change bench rate:
Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:___________________________________________________________ 

CAR SEAT TASK
How many times a day do you put baby into a car seat in the car ….…………………………. 

What equipment do you use to perform this task……..………………………………….…….… 

What car/height……………….location of seat………………………………………………….… 

How long does the task take to complete………………………………………………………….. 

Which is worse…..Lift or Lower………………………………………………………………….. 

Comments please:__________________ ______________________________

When you lift/lower a baby in or out of a car seat rate the posture:
Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:______________________________________________________

When you lift/lower a baby in or out of a car seat rate:
Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5
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Comments please:______________________________________________________

PRAM TASK  

How many times a day do you put baby into a pram ….……………..…………………………. 

What equipment do you use ……..…………….what height is the seat……………… 

How long does the task take to complete…………………………………………………………. 

Which is worse…..Lift or Lower…………………………………………………………………….. 

Comments please:__________________ ______________________________

When you lift/lower your baby in or out of a pram rate the posture:
Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:__________________ ______________________________

When you lift/lower your baby in or out of a pram rate:
Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:__________________ ______________________________

COT TASK
How many times a day do you put a baby into/out of a cot ….……………..………………………….. 

How many times a night do you put a baby into/out of a cot ….……………..…………………………. 

What equipment do you use to perform this task………………………………………..…..…………… 

What height is bed base………………………..What height is cot rail………………………………….. 

How long does the task take to complete………………………………………......…………………….. 

Which is worse…..Lift or Lower………………………………………………………………….. 

Comments please:__________________ ______________________________

When you lift/lower your baby into or out of a cot rate the posture:
Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:__________________ ______________________________

When you lift/lower your baby into or out of a cot rate:
Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:__________________ ______________________________
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BATH TASK
How many times a day do you put a baby into/out of a bath ….……………..………………………….. 

What equipment do you use to perform this task……..……………what height…….………. 

How long does the task take to complete……………………………………………………….. 

Which is worse…..Lift or Lower………………………………………………………………….. 

Comments please:__________________ ______________________________

When you lift/lower your baby into or out of a bath does rate the posture:
Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:__________________ ______________________________

When you lift/lower your baby into or out of a bath does rate:
Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:__________________ ______________________________

FLOOR TASK
How many times a day do you put a baby on and off the floor ….……………..………………………….. 

How long does the task take to complete……………………………………………………….. 

Which is worse…..Lift or Lower………………………………………………………………….. 

Comments please:__________________ ______________________________

When you lift a baby off or onto the floor rate the posture:
Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:__________________ ______________________________

When you lift/lower a baby off or onto the floor rate:
Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:__________________ ______________________________

BREAST/BOTTLE FEEDING breast fed bottle fed
How many times during the day do you feed your baby  ………..…………………….……………………….. 

How many times during the night do feed your baby ….………..…………………….………………………. 

What chair/equipment do you use when feeding……..………………………………………………………….. 

How long does the task take to complete……………………………………………………….. Comments 

please:__________________ ______________________________

When you are feeding your baby rate the posture:
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Lower back pain 1 2 3 4 5

Lower back dysfunction 1 2 3 4 5

Comments please:__________________ ______________________________

Please make any other comments you feel might be relative to this topic:…………………………… 

……………………………………………………..………………………………………………………………….… 

…………………………………………………..…………………………………………………………………….… 



BIODEX WORK  (rotation recordings)
Date

Weight Session   1    2   3   4  

ID Height

  PRE-FATIGUE

1˚ ROM = extension flexion extension flexion extension flexion extension flexion extension flexion

Peak torque

Total work

% CV

Comments:

          FATIGUE

Comments:

 POST-FATIGUE

extension flexion extension flexion extension flexion extension flexion extension flexion

Peak torque

Total work

% CV

Comments:
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CASE STUDIES 

The transition from the first pregnancy to birth and through the first year postpartum is 

often physically and emotionally confronting for many women (Minig et al., 2009; Howell 

et al., 2012; Dotters-Katz & Stuebe, 2017). Although there is a uniformity in the 

anthropometric changes in women during this cycle, little data have been reported on 

temporal associations between changing morphology, emotional wellbeing, lower back 

strength and function, pain and disorder, and implications for manual work. Of the six 

postpartum participants who also completed the pregnancy study, four were selected for 

individual case studies to provide examples of the range of lifestyles and responses 

throughout this period. 

CASE 1: PP2, Age = 24 years 

Introduction 

PP2 commenced the pregnancy study at 11 weeks gestation. During this time, she was 

employed as a retail sales assistant while her husband was a postgraduate student. She 

worked a 30-hour week with much of her work time spent standing, but engaged in more 

than 2 hours of manual work a day. She described herself as healthy but of low fitness, 

exercising less than 1 hour a week. PP2 gave birth by vaginal delivery 5 days after the due 

date and recommenced as a postpartum participant into PB1 when the baby was 12 weeks 

old. At this time, PP2 had been diagnosed as anaemic and also in need of surgical 

episiotomy repair; she was on leave from work, doing less than 1 hour of exercise a week, 

but around 18 hours a day of manual domestic and CCW. 

Results 

Trimester One (T1) 

At the first presentation, PP2 weighed 63 kg with a body mass index (BMI) of 21 and trunk 

girths (chest, waist and hips) in balanced proportions (Table 7.1 and Figure 7.6). She 

presented with an average degree of lumbar lordosis, an abdominal diastasis of 3 cm above 

and below her umbilicus and reported no stress incontinence. PP2 reported that she had 

no physical (ODI) or emotional (K10) disabilities limiting her lifestyle in the 2 weeks prior to 

testing, but was aware that her lower back felt “loose”.  Serum relaxin at this test was 874 

pg/mL which was 46% higher than the T1 group mean level.  
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On the day of testing PP2 reported perceived LBP/LBD at 20/50, and a tightness and ache in 

her lower back both sides of her lower lumbar spine, above the sacrum. In the dynamic 

lower back strength and function test, she was unable to hold the postural fatigue position 

for longer than 30 s (i.e. half the 60 s protocol). Figure 7.7 shows (at T1) that in the first set 

of three trunk extension repetitions (reps), the mean peak strength (PkT) was almost a 

third greater than the mean work capacity (WC) indicating that dynamic back strength was 

unable to be maintained through the pre-fatigue reps.  

The decrement between pre- and post-fatigue strength scores revealed a reduction in 

strength (PkT = -14) and function (WC = -12) following her 30 s of postural fatigue. The low 

back strength and function outcome at the T1 test also provide the weakest response of 

the four trials performed across the six time points. 

Trimester Two (T2) 

At T2, PP2 was 18 weeks gestation and still working, but had changed to 20 hours per week 

of late shift. She experienced a marginal increase in weight and girths (Table 6.1) but 

reported ongoing disabling back pain (ODI) for the previous few weeks which wasn’t 

relieved by changing her posture. Although the loose feeling in her low back had subsided, 

she was experiencing “sciatic” pain in her right lower lumbar area, radiating through the 

hip and down her right leg to ankle. Since her first visit, PP2 had consulted with an 

Osteopath for her LBP/LBD who reported “a big change in laxity of lower back joints”.  In all 

other respects she felt regularly healthy, tired but emotionally stable and in control. She 

was unable to perform the low back strength and function test sequence, having reported 

LBP of 20/50, but LBD of 40/50.  

Variable T1 T2 T3 PB1 PB2 PB3 

Weight  (kg) 63 64 77 71 71 70 

Chest Girth            (cm) 96 98 102 103 104 104 

Waist Girth    (cm) 82 87 100 84 82 83 

Hip Girth         (cm) 97 98 104 101 98 96 

Lordosis          (degrees) 24 23 24 26 25 24 

Diastasis                (cm) 6 6 6 20 17 14 

Pelvic Floor     (1-3) 1 1 1 1 2 1 

Relaxin  (pg/ml) 874 513 432 - - - 

Table 7.1  PP2: Physical measures across the three pre-birth and three post-birth test sessions, 
including reported pelvic floor stress incontinence. 
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Figure 7.6  PP2: Anthropometric measures and self-reported scale response (0-50) to 

lower back pain (LBP), lower back dysfunction (LBD) and lifestyle affected disability 

(ODI) and emotional wellbeing (K10) across three pre-birth and three post-birth test 

sessions. 
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Figure 7.7  PP2: Mean trunk extension strength (PT; Nm/kg) and function (WC; J/kg) for 

pre- and post-fatigue conditions, across three pre-birth  and three post-birth  test 

sessions. Trunk extension strength and function were recorded before (pre) and after 

(pos) a static flexed trunk posture was held for 60 s. 

WC pre WC pos 
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Trimester Three (T3) 

At gestation 29 weeks, PP2’s weight had increased by 22% from T1, her waist girth had 

increased by 25% and chest and hips by 6.5%. PP2 said her emotions had been occasionally 

low, that she was tired and low in iron, and had also been experiencing severe disabling 

back pain (ODI = 30/50) up to the week before this T3 test. PP2 had finished work and for 

the previous 4 weeks had been involved in passive aquatic exercise, which she felt “took 

the pressure off her lower back” and at this session she was feeling good with “almost no 

LBP” (Figure 7.7) 

Post Birth One (PB1) 

PP2 returned for testing 12 weeks after her baby was born. From her last test during 

pregnancy, PP2’s weight had reduced by 9%, but she was still 8 kg heavier than her start 

weight. PP2’s waist girth had reduced to within 2 cm of her original measure; her hip girth 

was reduced marginally, but her chest girth slightly increased from the T3 measurement. 

Abdominal diastasis had increased to 10 cm supra- and infra-umbilicus, with a 1.5 cm 

separation and PP2 reported no urinary incontinence but was due for surgical repair of soft 

pelvic floor tissues. She said she felt well, happy and strong, had negligible LBP (10/50) 

issues and although she reported 30/50 for LBD, she was confident of completing the low 

back strength and function test. This test (Figure 7.7) revealed an improvement in PkT and 

WC on the T1 results, but also a marginal improvement after the 60 s postural fatigue. At 

this test her baby weighed 5.5 kg (around the 40th percentile for weight by age); and the 

baby’s length was 65 cm. She reported undertaking MH tasks at least 12 hours a day, but 

the heavy house work was mostly done by her husband. PP2 reported that getting her baby 

in and out of the cot, the bath and the car was the most difficult postural tasks, each 

scoring a difficulty of 4/5 and lifting the pram in and out of the car scored 2/5. 

Post Birth Two (PB2) 

At this test, 20 weeks since birth, PP2’s weight remained the same, her waist and hip girths 

had returned to T1 measures, but her chest girth increased marginally. The diastasis had 

closed marginally, and pelvic floor strength was compromised with occasional stress 

urinary incontinence. She was still waiting for surgery at this time, but otherwise reported 

good health and had started aquatic exercise and regular walking with the pram. PP2 

reported no LBP but an occasional “postural effect” (20/50) when getting in and out of bed. 

The low back strength and function testing presented her strongest outcomes for the test 

series, with consistency in PkT and WC, and a post fatigue decrement of 10% for both 

scores. At this time, the baby weighed around 6.5 kg and was 66 cm long. PP2 said she was 
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still working with CCW handling tasks around 12 hours a day, but was experiencing no 

particular problems and her husband was doing most of the difficult lifting.  

Post Birth Three (PB3) 

At 28 weeks post birth, the outcomes for this final test were almost a duplicate of the 

previous PB2 results. PP2 had undergone pelvic floor surgery and was happy with the 

outcome, but had returned to working 15 hours a week and felt “tired” from combining 

work and home demands. She had no reportable LBP/LBD and was able to complete the 

low back strength and function tests at the same standard as that in PB2. The baby 

weighed around 7 kg, was 68 cm in length, and was happy and docile. PP2’s husband 

continued to do most of the equipment lifting and difficult postural tasks. 

Discussion 

Comparing the low back strength and function scores, and secondary outcomes for PP2 

between T1 and PB2/PB3, indicates the level of LBD incurred by this participant during the 

time course of the study. There is a possible association between the poor LBD and the 

high serum relaxin experienced by PP2, but this does not explain her inability to perform 

the low back strength and function tests in T2 and T3. PP2 possibly withdrew from the T3 

tests more as a result of her rapid change in girth and resulting physical encumbrance than 

any experience of LBP/LBD. In contrast, however, even though she had a serious pelvic 

floor disorder that required surgical repair, PP2 worked willingly through the three PB 

dynamic back strength tests.  
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CASE 2: PP3, Age = 31 years 

Introduction 

PP3 came to the pregnancy study at 8 weeks gestation. She was fit, had been a gymnast in 

her earlier years and reported herself as physically and emotionally healthy. She worked a 

35 hour week as a hospital-based Occupational Therapist and engaged in general MH for 

around 2 hours a day. At 5 weeks gestation she experienced a sudden, acute onset of 

disabling back pain in her lower lumbar which continued for 5 days. This event motivated 

her to join the pregnancy study. She delivered 5 days after her due date, incurring an 

extended episiotomy and complex pelvic floor damage. PP3 re-joined the study at 11 weeks 

post birth and at this time, received physiotherapy to support her post birth recovery.   

Results 

Trimester One (T1) 

At this first test PP3 weighed 62 kg, had a BMI of 21.5 and her torso girth measurements 

were proportional (Table 7.2, Figure 7.8). The lumbar lordosis was marginal at 16o, her 

abdomen was tight with no diastasis and she reported occasional stress urinary 

incontinence (from sneezing, laughing etc). At T1, PP3 had a serum relaxin level of 557 

pg/ml which was 34% below the test group average. She reported feeling more tired than 

usual and although she had experienced an acute 5-day episode of “disabling” LBP/LBD at 

around 4-5 weeks gestation (ODI 30/50), on the day of testing she had insignificant LBP 

(10/50) but felt she needed to be careful with her trunk movements (LBD 20/50).  

Variable T1 T2 T3 PB1 PB2 PB3 

Weight  (Kg) 62 63 70 65 64 62 

Chest Girth    (cm) 94 95 100 100 92 90 

Waist Girth    (cm) 73 84 98 78 75 74 

Hip Girth    (cm) 97 100 100 100 100 99 

Lordosis    (degrees) 16 18 17 15 16 18 

Diastasis    (cm) NA NA NA NA NA NA 

Pelvic Floor   (1-3) 2 2 2 2 2 - 

Relaxin         (pg/ml) 557 444 420 - - - 

Table 7.2  PP3: Physical measures across the three pre-birth and three post-birth test sessions, 
including reported pelvic floor stress incontinence. 
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PP3 completed the lower back strength and function testing commenting that holding the 

fatigue posture was difficult! However, the results (Figure 7.9) show that her strength and 

function were mostly consistent before and after the postural fatigue, with a slight 

decrement in low back function (WC = -10) in the post fatigue reps. 

Figure 7.8  PP3: Anthropometric measures and self-reported scale response (0-50) to lower 

back pain (LBP), lower back dysfunction (LBD) and lifestyle affected disability (ODI) and 

emotional wellbeing (K10) across three pre-birth and three post-birth test sessions. 
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Figure 7.9  PP3: Mean trunk extension strength (PT; Nm/kg) and function (WC; J/kg) 

for pre- and post-fatigue conditions, across three pre-birth  and three post-birth  

test sessions. Trunk extension strength and function were recorded before (pre) 

and after (pos) a static flexed trunk posture was held for 60 s. 

.
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Trimester Two (T2) 

PP3 was less tired at this session, her working hours had been decreased to 25 hours a 

week and she had been walking regularly. There was a marginal increase in weight (Table 

7.2) and trunk girths, occasional stress incontinence and her serum relaxin level was 10% 

above the average group score. She described her lower lumbar area as feeling “jammed” 

or “locked up” and rated LBP/LBD and ODI as 20/50. Her LBS/F scores at this session (Figure 

7.9), showed an increase in peak strength compared to T1 but reduction in WC in the pre 

fatigue set and a 15% decrement in PkT and WC post-fatigue. 

Trimester Three (T3) 

At 29 weeks, PP3 said she felt healthy and happy but exhausted. She was working 30 hours 

a week and performing around an hour a day of household MH tasks. Her weight since T1 

had increased by 12%, waist girth by 25%, and chest, hips and lordosis had marginal 

changes and her serum relaxin level was 29% greater than group average.  However, 

between the T2 and T3, PP3 described 3-4 day episodes of LBP/LBD being “12 out of 10” 

with muscle spasm in lower back and sciatic nerve implications. The episode was initiated 

when she stood from a seated position and LBP was exacerbated by any movement in 

upright posture. Nerve pain diminished after two days, but LBD was a “constant niggle”. 

Her physiotherapist provided her with a torso brace which supported her LBD when 

standing and walking. PP3 completed the LBS/F testing but had limited torso range and 

could only hold the static posture for 40 seconds. There was a 30% decline in LBS/F 

performance across all independent variables compared to T2. 

Post Birth One (PB1) 

PP3 delivered her baby 7 days after the due date and joined this study at 11 weeks post 

birth. PP3 was on leave from work, reported being mentally and physically healthy and was 

walking for exercise about 2 hours a week. She had lost 5 kg in weight and 20 cm from her 

waist, but her chest and hip girths were the same as the T3 measures. She said her pelvic 

floor was damaged from the delivery and had been receiving physiotherapy support, she 

had no diastasis and there was only a marginal change in lordosis. PP3 said although her 

lower back feels tired at the end of the day, since the birth her lower back felt better, 

strong and capable 

(LBP/LBD = 20/50) and confidently completed the LBS/F test. The scores showed a 

consistent PkT between pre and post fatigue, but a 16% decrement in WC post-fatigue. 
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At PB1 the baby load was almost 6 kg and around 60 cm in length. PP3 reported she was 

doing a minimum of 5 hours of MH in CCW a day. She said the most difficult tasks were 

bathing, putting the baby into the cot and putting the pram into the car. PP3 said she had 

all change items at work level when using the change table, so the effort was mitigated, but 

having the bench side-on caused postural discomfort. She also reported the baby was 

bottle fed taking around 20 minutes and sitting feeding caused upper back pain of 4/5.  

Post Birth Two (PB2) 

Since the previous session (14 weeks prior), PP3 had reduced her weight by 1 kg, her waist 

girth by 3 cm and her chest girth by 8 cm which recorded 2 cm less than the T1 measures. 

She was doing in excess of 3 hours of strength and cardiorespiratory exercise a week and 

reported being tired, but physically and mentally healthy. Although she hadn’t returned to 

work, PP3 was engaging in “constant” CCW at home, but was able to sleep around 9 hours 

at night. At this session, PP3 said she was still receiving physiotherapy for her pelvic floor, 

but she felt the strength was improving. PP3 reported no LBP/LBD concerns at this session 

except for tightness in the upper back and was able to complete the LBS/F test 

unencumbered. The pre-fatigue outcome achieved a PkT of 204 Nm/kg and a WC of 148 

J/kg indicating the inability to sustain strength through the three extension sets. Post 

fatigue revealed a considerable decrement of almost 47% in PkT outcome and a WC 

decrement of 43%.  At this time, the baby load was 9 Kg and 71 cm in length. PP3 said that 

overall the CCW was becoming easier, she felt stronger and husband was performing many 

of the tasks, but the longer duration tasks and the awkward postures (asymmetric change 

table and bath), increase her LBD. 

Post Birth Three (PB3) 

At this final session, 36 weeks since birth, PP3 had a BMI of 21.5 and all trunk girths showed 

a marginal reduction since last measured.  She was working a 7-day fortnight, was mentally 

and physically healthy but had reduced the hours of exercise and was still receiving 

physiotherapy support for her pelvic floor condition. She said she had no existing LBP/LBD 

concerns, but on the days of home CCW, she felt the difference between her employment 

and her CCW. PP3 was able to complete the back strength and function test and although 

she “felt good”, the results revealed a pre-fatigue decline in PkT and WC since PB2 and the 

overall weakest post fatigue efforts of all six tests. The baby load at this test was 11 kg and 

75 cm, of which PP3 mentioned she can notice the difference in handling compared to PB2, 

her husband did much of the heavy lifting and CCW was further reduced because of time at 
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work and use of child care2 days a week. She also mentioned her husband was complaining 

of LBD associated with his child care MH. PP3 reported that she had no real problem with 

any of the tasks, she had become used to it all and she felt the reduced hours made a 

difference. 

Discussion 

PP3 was one of the better LBS/F performers throughout pregnancy notwithstanding the 

fact that she had two episodes of acute severe LBP; the first at around 6 weeks gestation 

and her serum relaxin levels changed only marginally through the three trimester tests. 

Although PP3 was most aware of LBD during pregnancy and PB1, her lower back strength 

and function performances could not be sustained post-fatigue during the second and third 

PB tests, regardless of her comment in relation to getting used to CCW and her previous 

physical fitness. PP3’s child at the completion of this study was 9 months old and 11 kg and 

CCW was clearly difficult as supported by the fact her husband related his own LBD to CCW, 

and the child attended commercial childcare 2 days a week. In loaded exercise and strength 

building, it’s a familiar concept to build weight in order to build strength and as time goes 

by, as weight increases, so too does the strength; this doesn’t seem to be the case with 

CCW. 
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CASE 3: PP6, Age = 34 years 

Introduction 

PP6 was a 34 year old business owner who commenced the study at 10 weeks gestation. 

She described herself as energetic, working more than 40 hours a week, healthy, 

moderately fit. During the week prior to commencing the pregnancy study, she bent to pick 

up a wash basket from the floor and felt her lower back react strangely. There was no pain, 

but she became aware of an aching and looseness in her lower back joints which continued 

through the test series. PP6 completed the pregnancy study at 28 weeks and delivered a 

week earlier than her due date, re-joining the study at 8 weeks postpartum.  

Results 

Trimester One (T1) 

At this first test, PP6 was physically and emotionally healthy although her K10 registered 

9/50 she attributed this to being tired and working long hours. Her weight was 81 kg, BMI 

23.6, trunk girths were equally proportioned (Table 7.3, Figure 7.10). PP6 had a serum 

relaxin concentration equal to the group highest. Her lumbar lordosis was marginal at 15o, 

there was no abdominal diastasis and her pelvic floor was strong. She reported having 

morning sickness and had been aware of her lower back being “weak” when she was 

“vomiting”. Although she had an earlier episode of LBD, she felt confident to participate in 

the lower back strength and function test. This first test (Figure 7.11) outcome revealed an 

early pre fatigue PkT of 92 Nm/kg indicated her strength in this first set couldn’t be 

maintained with a slight reduction in PkT for the post-fatigue set.  

Variable T1 T2 T3 PB1 PB2 PB3 

Weight  (Kg) 81 83 90 84 84 85 

Chest Girth            (cm) 101 104 107 109 111 113 

Waist Girth            (cm) 87 98 107 93 90 90 

Hip Girth         (cm) 104 107 110 106 105 105 

Lordosis          (degrees) 15 15 18 22 20 20 

Diastasis                (cm) 0 0 0 10 10 8 

Pelvic Floor     (1-3) 0 0 0 0 0 0 

Relaxin               (pg/ml) 871 592 539 - - - 

Table 7.3  PP6: Physical measures across the three pre-birth and three post-birth test sessions, 
including reported pelvic floor stress incontinence. 

Variable T1 T2 T3 PB1 PB2 PB3

Weight (Kg) 81 83 90 84 84 85

Chest Girth (cm) 101 104 107 109 111 113

Waist Girth (cm) 87 98 107 93 90 90

Hip Girth (cm) 104 107 110 106 105 105

Lordosis (degrees) 15 15 18 22 20 20

Diastasis (cm) 0 0 0 10 10 8

Pelvic Floor (1-3) 0 0 0 0 0 0

Relaxin R-2  (pg/mL) 871 592 539

Table 7.4 PP6: Physical measures across the three pre-birth and three post-birth test sessions,
including reported pelvic floor stress incontinence.
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Trimester Two (T2) 

At this test, PP6 had a marginal increase in weight, chest and hip girths, and an 11 cm 

increase in waist girth. PP6 said she was healthy but tired and reported some earlier mental 

stress in relation to work load and tiredness (K10 = 11/50). At this test session, PP6 

Figure 7.10  PP6: Anthropometric measures and self-reported scale response (0-50) to 

lower back pain (LBP), lower back dysfunction (LBD) and lifestyle affected disability (ODI) 

and emotional wellbeing (K10) across three pre-birth and three post-birth test sessions. 

Figure 7.11 PP6: Anthropometric measures and self-reported scale response (0-50) to

lower back pain (LBP), lower back dysfunction (LBD) and lifestyle affected disability (ODI) 

and emotional wellbeing (K10) across three pre-birth and three post-birth test sessions.

Figure 7.11  PP6: Mean trunk extension strength (PT; Nm/kg) and function (WC; J/kg) for 

pre- and post-fatigue conditions, across three pre-birth  and three post-birth  test sessions. 

Trunk extension strength and function were recorded before (pre) and after (pos) a static 

flexed trunk posture was held for 60 s. 
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reported feeling euphoric and although an LBD awareness, she felt no pain. The dynamic 

strength and function outcome showed an improved performance in pre-fatigue PkT and a 

38% improvement in WC from T1, but there was a decrement in both post-fatigue efforts 

of around 15%. 

Trimester Three (T3) 

At this session, PP6 was working in excess of 40 hours per week, her sleep pattern had 

been “terrible” which was partially caused by “laxity” in her lower back and twinging when 

she moved, as well as getting in and out of bed (ODI = 21/50). PP6 was physically healthy 

with an increase of 7 kg in weight, a 9 cm increase in waist girth and lordosis increased by 

3o but she felt mentally exhausted from organising her business before she gives birth (K10 

= 13/50). She reported that her back was constantly aching but at this session she felt 

capable of the LBS/F test with LBP/LBD ratings of 10/50. The outcome revealed a 30% 

decline in pre-fatigue strength and sustainability from T2 and a further 23% decrement in 

sustained strength post-fatigue.  

Post Birth One (PB1) 

PP6 returned to the study 8 weeks after delivery. She said she was feeling physically well 

but expressed some emotional responses to being a new parent (K10 = 8/50) and was 

working from home around 10 hours a week. Since T3, there was a reduction of 6 kg in 

PP6’s weight, 14 cm in her waist, 4 cm in her hips, but her chest girth increased by 2 cm. 

Lumbar lordosis had increased by 4o from the T3 test. PP6 had an abdominal diastasis of 15 

cm and she was receiving physiotherapy support for pelvic floor damage caused at birth. 

PP6 reported sleeping about 4.5 hours unbroken at night, was aware of LBP/LBD getting 

out of bed (ODI = 24/50) and said her lower back ache gets worse during the day. At this 

test session though, she felt confident with performing the back strength and function test, 

which resulted in a consistent peak and sustained strength in the pre-fatigue sets, but a 

decrement of around 25% in the post-fatigue scores. At 8 weeks, the baby load was 5.5 kg 

and 90th percentile for length and head circumference. PP6 reported CCW was “constant”. 

Getting the baby and capsule in and out of the car was the most difficult task and using a 

chest of drawers for a change table created a difficult posture because the work surface 

was low and there was no knee or foot space. PP6’s husband shared with CCW tasks. 
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Post Birth Two (PB2) 

This session was 17 weeks after delivery and, since PB1, PP6 had maintained her weight, 

had a marginal reduction in hip and waist girths and a slight increase in chest girth. Her 

diastasis had reduced by 5 cm and her pelvic floor was still a cause for discomfort after 

exercise or prolonged CCW and she was receiving physiotherapy support. PP6 was sleeping 

4-5 hours but feeling emotionally comfortable and had commenced netball and yoga of

which she had to stop because of LBP/LBD which she described as “8 out of 10”. At the 

time of testing though, she reported LBP = 20/50 and LBD = 30/50, and willingly 

participated in the back strength and function test. As Figure 7.12 reveals, there was an 

overall decline in strength and function producing the weakest results pre- and post-

fatigue, of the six test series. At this time, the baby load weighed 6.3 kg and was 63 cm 

long. PP6 reported CCW of 6 hours a day with lifting baby from the floor currently being the 

most problematic task.  

Post Birth Three (PB3) 

The final session, 25 weeks since delivery, saw PP6 with a BMI of 25, waist and hip girths 

the same as for PB2 and chest girth increased to 113 cm. Her diastasis had closed to 8 cm, 

and pelvic floor was improving. She was feeling healthy and happy, tired from weekly 20 

hours of work and was exercising regularly, but with caution. Since PB2, she was being 

treated by an osteopath who had said “her back will never be the same again”. PP6 said 

she “felt like an old lady”. She thought the gym was helping with her lower back strength, 

but she was aware of LBD getting out of bed.  PP6 was confident to perform the back 

strength and function test and this was revealed in her results which were strong and 

functionally consistent, providing the best pre- to post-fatigue outcome overall for the six 

tests. At this final test the baby load weighed 7.5 kg, was around 67 cm in length and had a 

head circumference of 44.5 cm, both measures exceeding the 95th percentile for a 6 month 

old baby. PP6 reported CCW was “all day every day” and that lifting and lowering in and out 

of the cot had become the most difficult task, adding that her husband shared much of the 

CCW when he was home. 

Discussion 

PP6 was an energetic enthusiastic positive individual who was fit and strong prior to and 

during pregnancy. Her apparent PB decline came as a surprise to her, thinking that she 
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could and should return to regular exercise as soon as possible after the birth. Her 

experience of playing team sport between PB1 and PB2 created an awareness that her 

body wasn’t spontaneously returning to health. PP6 felt like she had become an “old 

woman” and her back continued to provide problems beyond the extent of this study. AT 

PB3 session PP6’s chest girth had increased by 12 cm since T1 and her lordosis had 

increased by 5o. She had unreconciled pelvic floor damage and an 8 cm abdominal 

diastasis. These factors, along with the size of the baby and design of CCW tasks, no doubt 

affected PP6’s biomechanical efficiency in load bearing on the trunk.  
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CASE 4: PP7, Age = 35 years 

Introduction 

PP7 was 34 years old and a full time business development manager when she joined the 

study at 8 weeks gestation. She described herself as healthy, energetic, happy and 

motivated. She worked in excess of 40 hours a week, attended yoga class three times a 

week and walked to and from work for exercise. She completed the pregnancy study at 25 

weeks gestation, delivered almost 2 weeks before her due date and returned to the post-

birth study at 10 weeks postpartum. She was only able to complete two test sessions 

before withdrawing because of LBP and a general decline in her physical and emotional 

wellbeing.  

Results 

Trimester One (T1) 

At 61 kg, PP6 had a BMI of 20.5, her trunk girths were in proportion, lumber lordosis was 

15o, had no sign of abdominal diastasis and no stress problems with her pelvic floor (Table 

7.6, Figure 7.12). At this time, she was emotionally relaxed and confident. PP7 exercised 

every day, but did less than 1 hour a day of general manual work; she slept well and had no 

LBP/LBD at any time during the pregnancy. The back strength and function results (Figure 

7.13) showed an almost consistent strength through the pre-fatigue set with mean PkT of 

93 Nm/kg and WC of 99 J/kg. The post-fatigue outcomes were equally consistent, but 

strength and sustained strength declined by 23%. 

 

Variable T1 T2 T3 PB1 PB2 PB3 

Weight   (Kg) 61 64 67 65.3 62.5 - 

Chest Girth       (cm) 87 92 92 94 94 - 

Waist Girth       (cm) 72 84 89 76 74 - 

Hip Girth          (cm) 97 101 103 98 98 - 

Lordosis      (degrees) 15 23 29 20 25 - 

Diastasis            (cm) 0 0 0 10 6 - 

Pelvic Floor       (1-3) 0 0 0 0 0 - 

Relaxin   (pg/ml) 515 422 361 - - - 

Table 7.6  PP7: Physical measures across the three pre-birth and three post-birth test sessions, 
including reported pelvic floor stress incontinence. 

Variable T1 T2 T3 PB1 PB2 PB3

Weight (Kg) 81 83 90 84 84 85

Chest Girth (cm) 101 104 107 109 111 113

Waist Girth (cm) 87 98 107 93 90 90

Hip Girth (cm) 104 107 110 106 105 105

Lordosis (degrees) 15 15 18 22 20 20

Diastasis (cm) 0 0 0 10 10 8

Pelvic Floor (1-3) 0 0 0 0 0 0

Relaxin R-2  (pg/mL) 871 592 539

Table 7.4 PP6: Physical measures across the three pre-birth and three post-birth test sessions,
including reported pelvic floor stress incontinence.
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Trimester Two (T2) 

At this session, PP7 was 18 weeks gestation, described herself as healthy and happy, but 

very tired and had suffered migraine episodes since the end of the first trimester. She was 

Figure 7.12  PP7: Anthropometric measures and self-reported scale response (0-50) to 

lower back pain (LBP), lower back dysfunction (LBD) and lifestyle affected disability (ODI) 

and emotional wellbeing (K10) across three pre-birth and three post-birth test sessions. 

Figure 7.11 PP6: Anthropometric measures and self-reported scale response (0-50) to

lower back pain (LBP), lower back dysfunction (LBD) and lifestyle affected disability (ODI) 

and emotional wellbeing (K10) across three pre-birth and three post-birth test sessions.
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Figure 7.13  PP7: Mean trunk extension strength (PT; Nm/kg) and function (WC; 

J/kg) for pre- and post-fatigue conditions, across three pre-birth  and three post-

birth  test sessions. Trunk extension strength and function were recorded before 

(pre) and after (pos) a static flexed trunk posture was held for 60 s. 
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still working 40 hours a week but had reduced her weekly exercise. Since the T1 test, PP7’s 

weight had increased by 3 kg, her waist girth by 12 cm, hips by 4 cm, chest by 5 cm and the 

angle of lumbar lordosis had increased by 8o. She said she was sleeping for 8 hours but 

getting up through the night, being aware of “twinging” in her back when getting out of 

bed. PP7 was also aware of LBD during yoga. She also described a “spontaneous 

weakening” in her lower back, that she had never felt before (ODI = 20/50). At this test, 

PP7 had LBP and LBD = 20/50 and compared to T1 outcomes, this back strength and 

function test drew a greater mean peak strength both pre- and post-fatigue, but a slightly 

reduced sustained strength.  

Trimester Three (T3) 

At 25 weeks, PP7 was happy and healthy, she had reduced her hours at work and stopped 

yoga, but increased her walking for exercise. Since T2 she had gained 4 kg and 8 cm in her 

waist girth, marginal increases in chest and hip girths, but increased another 6° in lumbar 

lordosis. She reported sleeping 8 hours, but getting up after 4 hours, and was still aware of 

back “twinging”. PP7 felt she had reached a turning point of awareness in relation to her 

lower back and had modified her trunk movements to minimise LBD. On this day, PP7 

reported LBP = 0/50 and LBD = 30/50, and agreed to the back strength and function testing 

to her perceived limit. Figure 7.13 reveals that the pre-fatigue mean PkT was only 

marginally less than the T2 score, but improved by 10% in the post-fatigue effort. Sustained 

strength however weakened by 25% from previous tests, but a marginal improvement was 

again observed in the post-fatigue effort. These outcomes are indicative of effort applied to 

overcome the inertia of static flexion, but force was unsustainable for the majority of the 

extension arc.  

Post Birth One (PB1) 

PP7 returned to the study at 10 weeks postpartum. She said she was feeling well and happy 

and was walking around 3 hours a week for exercise. She had returned to work 4 days a 

week as her husband was caring for their child full time. She was breast feeding and slept 

6-7 hours in total, but not longer than 4 hours unbroken. Since T3 (25 weeks), she had lost

3 kg, 16 cm from her waist girth and 5 cm from her hips and recorded a slight increase in 

chest girth. PP7’s lordosis had reduced to 20o and she had a 10 cm diastasis, with 3 cm 

spread at the umbilicus, but no pelvic floor concerns. She said she was taking more care 

with her trunk movements and feels her loose torso is more as a result of her weakened 

abdominals. She said she felt 80% fit to perform the back strength and function test and 



181

reported no LBP/LBD on the day. In this test, although peak strength had declined by over 

30% since T3 test, the same pattern occurred with higher, pre-fatigue peak strength and 

lower sustained strength ability with a 20% decrement pre- and post-fatigue, from the T3 

results. At this test LBP/LBD and ODI scores had all declined from T3 peak and she was 

emotionally well.  

At 10 weeks, the baby was 5.5 kg and 60 cm in length. PP7 said she didn’t really do 

housework but was involved in about 3 hours CCW a day. She walked with the baby in a 

front pack rather than using a pram or car and that most of the care tasks were “easy” 

because everything was at waist height. Bathing and changing though was the most 

difficult because the level was lower, and she was leaning and reaching forward. During 

these tasks PP7 needed to take a break, stand upright, adjust her back and then continue. 

Post Birth Two (PB2) 

At this session, PP7 was 17 weeks postpartum working 4 days a week but had been 

experiencing on-going migraines and some life situations were making her feel emotionally 

overwhelmed (K10 = 25). She was walking for exercise and had tried to commence yoga, 

but twisting poses hurt her lower back. She said she was sleeping for 3-4 hours unbroken 

but around 6.5 in total. At this time, PP7’s weight and waist girth were almost the same as 

T1 measures, and her chest and hip girths were unchanged. The diastasis had reduced to 6 

cm in length and narrowed since PB1, but her lordosis seemed to have increased since PB1 

by 5o. PP7 said her back ached in bed every night and at this LBS/F test reported LBP = 

30/50 and LBD = 40/50, but agreed to the test and working to her maximum ability. 

Although the outcomes appeared consistent for both peak and sustained strength pre- and 

post-fatigue, the scores were 40-50% lower than she achieved during pregnancy. At 17 

weeks the baby load was 7 kg and length of 64 cm (both 90th percentile). PP7 said her 

husband was doing the majority of CCW at home because LBP/LBD limited her ability. Since 

PB1, CCW tasks and interaction with equipment had changed, and she said the baby’s size 

and weight was difficult for her to handle in most task conditions. PP7 also reported that 

during feeding she had pain both sides of her shoulders and lower back rating these 

episodes between 3-5/5. Due to ongoing lifestyle and health encumbrances, PP7 was 

unable to attend the final test session. 
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Discussion 

PP7 was a fit physically and emotionally healthy woman who had every intention of 

“breezing” through her pregnancy with a positive attitude and return to work as soon as 

possible following the birth. PP7 had developed an awareness of weakness in her back 

during pregnancy but was able to adjust her movement behaviour to accommodate the 

changes. Although PP7 had a normal, albeit early delivery, and her husband was taking on 

the majority of CCW in the home, back strength and function had deteriorated at the PB1 

test. PP7 thought returning to yoga practice would support her lower back recovery but it 

exacerbated the pain and disability. Regardless of her regular exercise through walking, and 

less than average time involved in CCW, PP7’s LBP/LBD intensified and her emotional 

wellbeing was confronted.   
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