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Abstract 

A separation of the abdominal muscles at the linea alba, diastasis recti abdominis (DRA), 

appears to persist beyond the first postpartum year in a substantial proportion of women. 

Although tissue strain at the linea alba should theoretically cause difficulties during tasks 

that require load transfer across the midline, there is limited evidence to support that 

DRA impairs trunk muscle function. Four studies are presented in this dissertation, in 

which we aimed to investigate the impact of DRA on women’s health. The first two 

studies established the reliability and validity of two key outcome measures. A custom 

isometric trunk dynamometer (IFLEXD) was validated against the Biodex 3TM 

dynamometer. Torque values from the two systems were found to be strongly correlated. 

The between-day reliability for outcomes derived from the IFLEXD were excellent. In 

the next study we investigated whether the angle at which an ultrasound transducer is 

held influences measurements of inter-rectus distance (IRD). Transducer angle did not 

appear to impact IRD measured in parous women. The latter two studies investigated the 

impact of DRA on trunk symptoms and function. In the third study we explored whether 

women with and without DRA at one-year postpartum demonstrated differences in their 

maximal trunk flexion, extension, and rotation torque generating capacity, trunk flexion, 

extension, and lateral flexion endurance, ability to perform a sit-up and the Sitting-Rising 

Test, and/or self-reported pain and dysfunction. The results suggest that women who 

present with DRA at one-year postpartum have reduced maximal trunk rotation torque 

generating capacity and perform more poorly on a sit-up test. Women with DRA did not 

report higher levels of lumbopelvic pain or dysfunction. In the final study, we 

investigated whether a recently proposed measurement of DRA severity, the distortion 
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index (DI) predicted impairment and dysfunction associated with DRA more strongly 

than IRD. DI and IRD were highly correlated, and, as such, DI was associated with 

women’s ability to generate trunk rotation torque and to perform a sit-up. Yet, our sample 

of women with mild DRA, relative to IRD, DI did not appear to contribute much to our 

understanding of the functional impacts of DRA. 
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Introduction 

1.1 Background  

1.1.1 Diastasis Recti  

Diastasis recti abdominis (DRA) can persist beyond the first postpartum year in 

33% - 74% of women after childbirth.1–6  Although surveyed women’s health 

physiotherapists believe that DRA should be treated to prevent future lumbopelvic pain 

and dysfunction,7 the research to date has not adequately explored the potential 

relationships between DRA and physical impairments and dysfunctions6 in order to 

support this approach. 

Researchers have proposed that the strain induced in the anterior abdominal wall 

by the physiological changes of pregnancy may affect the contractile and connective 

tissues of the muscle bellies, and potentially, the surrounding fascial aponeurosis around 

the rectus abdominis muscle (RA).8 In particular, the fascia around the RA muscles and 

the fascial band between the two RA heads, the linea alba (LA), must soften to allow the 

abdominal wall to expand to make room for the enlargement of the uterus. Consequently, 

the RA heads move laterally producing an increase in the inter-rectus distance (IRD) that 

is typically most prominent at the level of the umbilicus.1,9,10 This increase in IRD is 

present even after delivery and is referred to as DRA. However, there currently is no 

universal definition or agreement on what constitutes an abnormal IRD that defines DRA 

in the literature.11,12   
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Throughout pregnancy, concurrently with the increase in IRD,  the anterior and 

lateral thoracic diameters increase13 which alters the spatial relationship between the 

superior and inferior abdominal muscle attachments and leads to an increase in RA 

muscle length.9 Coldron and colleagues,8 found that over the first two months 

postpartum, the RA began to return to normal levels of thickness, however even at twelve 

months postpartum the IRD and RA thickness had not returned to values measured in 

nulliparous women.8 Changes in RA morphology sustained during pregnancy may affect 

the muscle contractile properties, the configuration of the connective tissues within the 

muscle itself as well as the surrounding fascial aponeurosis.8 It has also recently been 

hypothesized that strain of the LA may impact women’s ability to perform functional 

tasks, and may result in lumbopelvic instability and pain,14 particularly among women 

whose LA appears to have lost the capacity to transfer loads across the midline. However, 

there has been limited research to date to investigate the implications of DRA on trunk 

strength, endurance or function, especially at or beyond the postpartum year.  

1.1.2 Abdominal Muscle Function in the Postpartum Period  

Women are increasingly concerned about the recovery and appearance of their 

abdominal muscles after pregnancy,6 and there are many ideas presented on social media 

on how to restore abdominal muscle appearance and function after delivery.6 Despite the 

abundance of lay opinion, the scientific evidence to support these ideas is sparse.6,11 Only 

two studies have examined strength impairments in postpartum women10,15 and research 

to date has not explored strength deficits in women past six months into the postpartum 

period. Strength was assessed differently and subjectively in these two studies which 

makes a comparison of the results difficult. Gilleard and Brown10 found a woman’s 



 

 

3 

ability to perform a sit-up was reduced during pregnancy and at eight weeks after 

delivery. Liaw and collleagues15 found IRD to be moderately and negatively correlated 

with trunk rotation strength and static and dynamic curl-up endurance in women at six 

months postpartum. The researchers used manual muscle testing techniques to quantify 

trunk strength, and, although such measurements are commonly used in clinical practice, 

they are subjective and too imprecise for research purposes. Research investigating trunk 

muscle strength deficits in women with DRA using valid and reliable measurement tools 

is needed.  

Ultrasound imaging (USI) is considered the best non-invasive measurement tool 

for evaluating IRD in women after pregnancy16 and has been shown to be a reliable17,18 

and a valid measurement of IRD when images are captured at or above the umbilicus.16,17 

In contrast, IRD measurements taken below the umbilicus have been found to be both 

less valid16 and less reliable17 than measurements taken at and above the umbilicus.  

After childbirth, the abdominal muscles and fascia are often distorted,14 and, to 

get a clear ultrasound image, the transducer must be positioned with either a cranial or 

caudal tilt. When imaging any tissue, the ultrasound transducer should be held in a 

position that allows for the sound waves to run perpendicular to the tissue of interest. By 

tilting the transducer to improve image quality, there is a potential for introducing 

unexplained and uncontrolled measurement error. The literature has shown that the 

position of the transducer relative to the tissue of interest can affect the validity of the 

morphologic measurements made using USI.19 In an investigation done by Whittaker and 

colleagues,19 significant differences were found in the thickness of the transverse 

abdominis muscle when the transducer was rotated more than 9º in the z-direction 
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(rotation) or tilted more than 5º in the cranial-caudal or medial-lateral direction (p-values 

< 0.05).19 Studies that have investigated IRD using USI have not reported on the 

orientation of the transducer during testing or if controls were used to ensure that the 

imaging angle was consistent.20,21 Therefore, it is important to investigate if the angle the 

ultrasound transducer is held influences IRD measurements before initiating studies that 

explore IRD in postpartum women. 

1.1.3  Rehabilitation and DRA  

Despite the limited evidence available to support the idea that DRA impacts 

abdominal muscle function, women’s health physiotherapists report treating DRA as a 

clinical condition.7 Further, notwithstanding the lack of adequate intervention data, in the 

United States, physiotherapists have reported that they consider therapeutic exercise to be 

the most effective means of treating DRA.7 Since the physical and functional impacts of 

DRA have not been established, it is premature to be testing exercise protocols for their 

effectiveness to resolve DRA. Research first needs to elucidate the physical and 

functional implications of DRA to determine whether physiotherapy intervention is 

warranted and, if so, to determine which outcome measures best reflect the impairment or 

dysfunction associated with DRA.  

1.2 Dissertation Objectives  

DRA is prevalent in parous women beyond the first postpartum year8 and it 

appears that  DRA may have implications for strength, endurance, and functional 

capabilities.5,10,15 However, the impact of DRA on women’s health has not been 

established, particularly beyond the postpartum year. Consequently, the objectives of the 

present research were to:  



 

 

5 

1. Establish a reliable and valid way to measure isometric trunk strength outside of 

the laboratory setting using a custom portable dynamometer (IFLEXD; Chapter 

3).  

2. Investigate whether the angle in which the ultrasound transducer is held 

influences IRD measurements in parous women, to inform the methods of this 

research and for future reference (Chapter 4).  

3. Determine whether women who present with DRA at 12-14 months postpartum 

demonstrate limitations in trunk muscle strength and/or endurance, report higher 

levels of lumbopelvic pain and/or dysfunction, and report more pain and lower 

functional capacity relative to women who are 12-14 months postpartum but 

present without DRA. Furthermore, we aimed to establish whether the severity of 

physical impairments and/or reported symptoms are associated with the 

magnitude of the IRD at 12-14 months postpartum (Chapter 5).  

4. Through a secondary analysis of data (Chapter 6), explore whether DRA severity, 

quantified through the distortion of the linea alba during a semi curl-up maneuver, 

is associated with IRD, impairments in trunk strength, endurance, dysfunction or 

self-reported pain.  

1.3 Dissertation Hypotheses  

The primary hypothesis of this dissertation was that primiparous women who 

present with DRA at one-year postpartum would show lower trunk muscle strength and 

endurance, score lower on functional task performance, and report higher levels of 

lumbopelvic pain and dysfunction due to low back pain when compared to primiparous 

women without DRA. 
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Specific hypotheses for each research study were:  

1. The IFLEXD would produce reliable measures of isometric maximal trunk 

flexion and extension torque and these measures would be valid measures when 

compared to isometric trunk flexion and extension torque measured isometrically 

using the Biodex 3TM isokinetic dynamometer.  

2. There would be a systematic difference in IRD measurement with the application 

of a cranial or a caudal directional tilt to the ultrasound transducer when assessing 

IRD distance in parous women.  

3. Women who present with DRA at 12-14 months postpartum would demonstrate 

limitations in trunk muscle strength, endurance and report higher levels of 

lumbopelvic pain and dysfunction compared to women who present with no 

DRA. Further, the severity of physical impairments and/or reported symptoms in 

women at 12-14 months postpartum would be associated with the magnitude of 

their IRD.  

4. Using the distortion index (DI) measurement at the linea alba, as described by Lee 

and Hodges,11 primiparous women who present with DRA at 12-14 months 

postpartum would have higher DI compared with those who do not present with 

DRA at 12-14 months postpartum when measured during a semi curl-up 

maneuver. Further, we hypothesized that the magnitude of the DI would be 

negatively correlated with trunk muscle strength and endurance, and positively 

correlated with self-reported lumbopelvic pain and dysfunction.  
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Literature Review 

 The following literature review will begin by providing an overview of diastasis 

recti abdominis (DRA) in parous women followed by a review of the anatomy of the 

abdominal wall. Next, changes that occur to the abdominal wall following pregnancy and 

clinical measures of abdominal strength and endurance will be discussed. We will then 

explain the methods through which DRA is evaluated, with a focus on ultrasound 

imaging. Last, we will review current rehabilitation practices that are used to address 

DRA. This review was conducted using a structured literature search using the 

MEDLINE, PubMed and PubMed Central databases. Individual searches of the Cochrane 

central registry of controlled trials, Google Scholar, and the Physiotherapy Evidence 

Database (PEDro) were performed. Because there is limited literature on DRA, the search 

terms were broadly associated with the condition without focusing on a particular 

population, intervention or comparison. The following terms were used as key words for 

each search: ‘diastasis recti’, ‘rectus diastasis’, ‘diastasis of the rectus abdominis’, 

‘diastasis of the recti’, ‘abdominal diastasis’, ‘abdominal separation’, ‘diastasis recti 

abdominis’, ‘separation of the recti’, ‘separation of the rectus abdominis’, ‘divarication of 

the recti’ and ‘divarication the rectus abdominis.’ Articles were limited to the English 

language, but no limits were placed on publication year or type. All reference lists of the 

included articles were hand searched to find additional articles that may have been 

missed. Searches were regularly updated, with the final search completed in May 2017. 
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2.1 Diastasis Recti Abdominis in Parous Women: An Overview 

Diastasis recti abdominis (DRA) commonly occurs in women during their third 

trimester of pregnancy and can persist in and beyond their first postpartum year.1  DRA is 

estimated to be present in 33%–74% of women in the postpartum period.2–7 Researchers 

have proposed that the tissue stress induced by the physiological changes of pregnancy 

may cause changes to the contractile and connective tissues of the abdominal 

musculature, and potentially, the surrounding fascial aponeurosis around the rectus 

abdominis muscle (RA).1 As the heads of the RA muscles shift laterally to accommodate 

the growing uterus, the linea alba (LA) lengthens, resulting in an increased inter-rectus 

distance (IRD). This increase in IRD is typically most prominent at the umbilicus but can 

be present at any location along the LA.2,8,9  

Throughout pregnancy the anterior and lateral thoracic diameters increase10 which 

alters the spatial relationship between the superior and inferior attachments of the RA 

muscle, resulting in its’ lengthening.8 In a longitudinal investigation of women in the 

postpartum year, Coldron and colleagues1 found that after the first two months, the RA 

became thicker and the width of the IRD decreased, approaching those seen in 

nulliparous women1. However, by twelve months postpartum, the RA thickness and the 

IRD had not reached the values seen in nulliparous women. The authors postulated that 

since the RA muscle remained thinner and wider in the postpartum period, the muscle’s 

contractile capacity may be affected by pregnancy and defects may persist in the 

postpartum period.1 There is evidence to support Coldron and colleagues’1 hypothesis. At 

six months postpartum women presented with impaired RA strength when measured 

using a flexion curl-up task.11 New evidence suggests that trunk flexion strength may be 
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impaired in women with IRDs greater than 3 cm.12 Women with IRD greater than 3cm 

have been shown to demonstrate significant increases in the perception of their trunk 

muscle and their actual trunk muscle strength (measured with the Biodex System-4TM) 

after undergoing surgical repair of their DRA.12 However, the impact of DRA and the 

magnitude of IRD on trunk flexion, lateral flexion or rotation strength and endurance in 

the postpartum period has not been adequately explored.  

2.2 Rectus Abdominis and Linea Alba Morphology and Function 

The complex structure of the abdominal wall musculature is essential for optimal 

lumbopelvic function as its structure allows for the transfer of forces through the creation 

of fascial tension.13,14 The RA muscles are the most superficial muscles of the anterior 

abdominal wall. These muscles originate at the crest of the pubis and insert on the costal 

cartilage of ribs 5 to 7 and the xiphoid process of the sternum. The two RA heads run 

essentially parallel, separated by a midline band of connective tissue, the LA. The two 

primary functions of the RA are to flex the trunk on a fixed pelvis and flex the pelvis on a 

fixed trunk.15  

The LA is a highly-structured meshwork of collagen that extends from the 

xiphoid process to the pubic symphysis and is formed by the interlacing aponeurotic 

fibers of the internal and external obliques and transverse abdominis muscles.16 The LA 

must be strong enough to transmit the forces generated by the muscles of the lateral 

abdominal wall, which makes it prone to strain when under prolonged stresses such as 

those incurred in the later stages of pregnancy.2 The LA stabilizes the abdominal wall17 

and holds the two RA bellies close together in their parallel alignment, which also 

maintains the proximity of the lateral abdominal muscles.18 Using ultrasound imaging 



 

 

12 

(USI), Beer and colleagues18 established normative values for IRD using 150 nulliparous 

women aged 20 to 45 years.18 They reported that the 90th percentile IRD, was 1.5 cm just 

below the xiphoid process, 2.2 cm at 3 cm above the umbilicus and, 1.6 cm at 2 cm below 

the umbilicus.18 

The LA is composed of layers of intermingling oblique and transverse collagen 

fibers.16 The fibers of the LA are oriented according to the lines of action of the muscles 

of the lateral abdominal wall.17 Transverse fibers act to counter stress induced through 

increases in intra-abdominal pressure and oblique fibers transmit forces across the 

midline during movement of the trunk.19 Gräßel and colleagues17 found that the 

compliance of the LA is highest in the longitudinal direction and lowest in the transverse 

direction. These researchers also found that transverse compliance is significantly lower 

in women compared to men and that women have a larger proportion of transverse fibers 

relative to oblique fibers.17 Gräßel and colleagues17 hypothesized that the difference in 

collagen fiber orientation might be a result of the strain on the abdominal wall that occurs 

during pregnancy.17 The strain imposed on the maternal abdomen has the potential to 

affect how forces are transmitted through the oblique fibers of the LA. This strain has the 

potential to directly impact a woman’s capacity to generate trunk flexion and rotation 

forces. However, to date, this hypothesis has not been tested and the fiber orientation in 

nulliparous women has not been evaluated. Although it is known that the LA plays a vital 

role in stabilizing the abdominal wall, the functional implications of an increased IRD, 

presumably reflecting a strain of the LA, are not well understood and require further 

exploration.  
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2.3 The Muscles of the Lateral Abdominal Wall  

The muscles of the lateral abdominal wall are composed of three distinct layers: the 

transverse abdominis, the internal obliques, and the external obliques. The transverse 

abdominis (TrA) muscle is the deepest abdominal muscle and originates from the inner 

surface of the lower six costal cartilages, the thoracolumbar fascia and the anterior two-

thirds of the inguinal ligament. The TrA inserts into the LA anteriorly to the pelvis.20,21 

The TrA appears to be tonically active during most functional activities, including the 

gait cycle, which has been hypothesized to reflect its contribution to spinal control.22 The 

TrA also displays phasic activity as well, for example during the heel strike phase of the 

gait cycle,23 during expiration23 and in response to posterior perturbations.22 Bilateral 

activation of the TrA modulates intra-abdominal pressure24–26 and compresses the sacro-

iliac joint and the inferior rib cage.27 These findings have been used to support the 

clinical practice of training patients with low back pain to activate TrA as a means of 

enhancing spinal stability during functional task performance.13,25,28,29  

 The internal oblique (IO) muscles arise from the anterior two-thirds of the iliac 

crest and the lateral half or third of the inguinal ligament and attach to the lower third or 

fourth costal cartilages, the LA, and the pubic crest.20,21 The IO muscles act in 

conjunction with the TrA to promote spinal control; they also generate trunk rotational 

and lateral flexion force to the ipsilateral side.30 

 The fibers of the external obliques (EO) are the most superficial fibers of the 

lateral abdominal wall, arising from the outer surface of the lower eight ribs and inserting 

into the LA and the anterior half or third of the iliac crest.20,21 EO contraction compresses 

the abdominal cavity, which increases intra-abdominal pressure, playing a key role in 
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forced expiration, coughing, and promoting support of the spine. EO activation flexes the 

trunk to the ipsilateral side and rotates the trunk to the contralateral side.30   

 Activation of the TrA and IO muscles helps to control the movement of the 

lumbar spine and pelvis.24,26 It is postulated that without strong and functional abdominal 

musculature, the lumbar spine is at greater risk of injury at loads far lower than those 

required to support the weight of the trunk.26 To prevent damage to the lumbar spine, the 

neuromuscular system must provide active support via the trunk musculature31 and 

passive support through the connective tissues.31 Theoretically, an intact LA is essential 

to this process, as it transmits forces generated by the muscles of the lateral abdominal 

wall across the midline to stabilize the spine. TrA activation normally precedes the 

activation of EO and IO, presumably to stiffen the LA for effective load transfer.32 It 

remains unknown how pregnancy affects the morphology and tensile properties of the 

muscles of the lateral abdominal wall, but it seems plausible that strain of the LA may 

impair load transfer across the midline.33   

2.4 Abdominal Muscle Function in the Postpartum Period  

Despite the clinical assumption that DRA is a health condition requiring 

intervention,34 there is limited evidence to support this notion. Although trunk muscle 

strength appears to be impaired in women at six months postpartum when compared to 

nulliparous controls,11 it does not appear that these impairments produce pain or 

dysfunction.7,35 In a small sample of women (n = 6) Gilleard and Brown9 investigated the 

structural adaptations of the RA muscle during pregnancy at 14, 18 and 22 weeks 

gestation and again at 8 weeks postpartum using direct linear transformation, three-

dimensional photography.9 A woman’s ability to raise her trunk during a curl-up and to 
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stabilize her pelvis through a posterior pelvic tilt was found to be compromised during 

pregnancy when compared to healthy nulliparous controls, and these deficits persisted at 

8 weeks postpartum.9 The researchers did not report on differences between women with 

and without DRA at eight weeks postpartum and therefore it is not known whether these 

impairments were attributable to DRA specifically or to morphologic changes more 

generally. Since the primary action of the RA is to flex the trunk, with stabilization 

provided through the muscles of the lateral abdominal wall, it is important to understand 

the implications of DRA on the ability to generate trunk flexion force.  

Using USI, Liaw and colleagues11 compared IRD among nulliparous women, 

women at seven weeks postpartum, and women who were six months postpartum.11 Liaw 

and colleagues11 measured IRD at four locations along the linea alba (superior and 

inferior borders of the umbilicus, 2.5 cm above the superior border of the umbilicus, and 

2.5 cm below the inferior border of the umbilicus) and found that IRD was larger in 

women who were six months postpartum when compared to the nulliparous women. 

Liaw and colleagues11 measured trunk flexion strength using a discretely scored curl-up 

task. They also assessed trunk flexion endurance by timing how long a participant could 

hold a semi-curl-up position. Although the researchers reported that they measured trunk 

rotation, it is not clear how this was done. Among the parous women, abdominal muscle 

strength and endurance were higher at six months postpartum when compared to seven 

weeks postpartum but those women at six months postpartum were still weaker and had 

lower endurance than nulliparous controls.11  Liaw and colleagues11 also found moderate 

negative correlations (rho = -0.39, p = 0.034) between IRD and trunk rotation strength in 

women at six months postpartum.11  By 6 months postpartum, the IRDs of parous women 
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were close to the values reported by nulliparous women (mean IRDs ranged from 1.16 to 

1.80 cm), suggesting that their results may not be generalizable to women who present 

with  DRA at six months postpartum. Further, Liaw and colleagues11 used a manual 

muscle testing technique to quantify trunk strength and, although this measurement is 

used clinically,11 it is imprecise and somewhat subjective.  

Altered trunk muscle torque-generating capacity and endurance may occur and 

progress throughout pregnancy and may not completely resolve after delivery. Two 

research groups have found that women who report postpartum, lumbopelvic pain have 

low trunk muscle endurance compared to their pain-free counterparts.36,37  In both 

studies, a supine, crook-lying semi curl-up task was used to measure isometric flexion 

endurance. The semi curl-up position was timed in seconds and the test was interrupted 

after a maximum of 120 seconds. There is a limited amount of research that explores 

trunk extension endurance in this population of women even though it has been shown 

that low trunk extension endurance is a risk factor for low back pain in non-pregnant 

women.38 Since extensor muscle fatigue can directly influence spinal control by altering 

the intrinsic stiffness of actively contracting muscles39 and muscle activation patterns,40,41 

trunk extension endurance should be investigated in postpartum women.  

It is plausible that the presence of DRA may influence a woman’s ability to return to 

her pre-pregnancy strength and/or endurance but this idea warrants further investigation. 

We must first understand if functional deficits exist in women with DRA and if these 

potential functional deficits are associated with an increase in IRD. Once this evidence is 

obtained, it could be used to inform current physiotherapy approaches that aim to prevent 

and/or rehabilitate DRA if indicated.  
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2.5 Clinical Measures of Abdominal Muscle Function  

Although it is important to know if DRA causes specific strength and endurance 

impairments, it is essential to understand the impact of any impairments on a woman’s 

ability to perform functional tasks. Functional deficits in the postpartum period can have 

a negative impact on a woman’s physical health and on her ability to care for her child.42 

Two functional tasks (the Sit-up Test3 and the Sitting to Rising Test40) that have been 

described in the literature may be particularly relevant when evaluating the functional 

impact of DRA and are described below.  

2.5.1 The Ability to Perform a Sit-up 

The ability to transfer from a supine to a sitting position is an essential function in 

everyday life. A woman’s ability to perform a sit-up has been shown to be compromised 

during pregnancy8 and there is some evidence suggesting that this compromise persists in 

the postpartum period.1,11 Liaw and colleagues11 found significant negative correlations 

between IRD and both static (rho = -0.42, p = 0.020) and dynamic (rho = -0.36, p = 

0.049) endurance when women performed the initial phase of a sit up (i.e. a curl-up) at 

six months postpartum. Research has not yet explored if the ability to perform a sit-up is 

compromised or related to DRA at the end of a woman’s postpartum year.  

2.5.2  The Sitting-Rising Test  

The Sitting-Rising Test (SRT) is a simple clinical test that assesses an individual’s 

ability to sit down and rise from the floor. Despite testing on a small sample, the SRT has 

been found to be reliable and reproducible between days and raters.43 Originally designed 

for older individuals, the SRT has been shown to be related to an increased risk of falling 

and a significant predictor of mortality in 51 to 80-year-old adults, with lower scores 
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associated with higher mortality.44 The test is scored on an 11-point scale. A perfect score 

of 10 indicates that an individual can start in a standing position, sit down on the floor, 

and then rise from the floor without using any support from their hands, knees, forearms 

or sides of their legs and without losing their balance. The SRT is a clinically relevant 

task, as it requires trunk strength, motor control, and endurance.45  In new mothers, the 

ability to sit down on and rise from the floor becomes a daily activity, often performed 

while carrying their baby in one or both arms, and therefore may be a relevant task to 

investigate. To our knowledge, no one has investigated the capacity to perform such 

functional tasks in postpartum nor in women with DRA. 

2.6 The Association Between DRA and Pain   

Lumbopelvic pain commonly develops during pregnancy and after delivery, 

which can impact a woman’s ability to care for her child, her quality of life, and her 

ability to participate fully in her vocation.42 In fact, more than half of all pregnant women 

report lumbopelvic pain during or after their pregnancy.10,46 Although it is well known 

that lumbopelvic pain persists in the postpartum period, there is limited information 

regarding the course of lumbopelvic pain after pregnancy and what musculoskeletal 

changes may influence the persistence of this pain.  

Three studies have investigated DRA and lumbopelvic pain in parous women. 

Parker and colleagues6 studied the presence of DRA and the relationship between DRA 

and lumbopelvic pain in three distinct groups of parous women: a patient group, a 

laparoscopy group, and a control group. The patient group consisted of women seeking 

medical care or physiotherapy for the primary concern of lumbopelvic pain (n=39). The 

second group consisted of women who reported lumbopelvic pain and presented with a 
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history of laparoscopy (n=8). The third group, the control group, was recruited through a 

convenience sample of parous women who did not have lumbopelvic pain (n=53).6 

Lumbopelvic pain was evaluated through self-report questionnaires: the Modified 

Oswestry Low Back Pain Disability Questionnaire47 and the numerical rating scale 

(NRS) for low back pain and abdominal/pelvic pain.6 IRD was measured using dial 

calipers. Two measurements were taken at three points along the LA, the superior border 

of the umbilicus, 4.5 cm above the umbilicus, and 4.5 cm below the umbilicus. A woman 

was considered to have DRA if the average IRD across the three measurement sites was 

greater than 2.0 cm.6 The authors first looked at the incidence of DRA in each group. The 

researchers found that DRA was present in 74.4% of the patient group, 50.9% of the 

control group, and 100% in the laparoscopy group. This finding led the authors to 

conclude that women who seek treatment for lumbopelvic pain have a greater prevalence 

of DRA than those who have not sought treatment for lumbopelvic pain. The authors then 

split their sample into parous women with and without DRA. The women with DRA had 

higher self-reported pain (VAS) in the abdominal and pelvic regions than women without 

DRA.6 However, it is important to note that the average IRD at 4.5 cm above the 

umbilicus in the DRA group was 1.93 (±1.09) cm which is below the 90th percentile 

normative values of 2.2 cm at 3 cm above the umbilicus reported Beer and colleagues.18 

Therefore the DRA group in this study may not have displayed an IRD great enough to 

be considered ‘abnormal.’  

Using a prospective observational design, Mota and colleagues35 recently found 

that women who presented with DRA at six months postpartum were no more likely to 

report lumbopelvic pain than women without DRA.35 Again in this study, the definition 
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of DRA may be problematic. Mota and colleagues35 only measured IRD below the 

umbilicus, and stratified women into DRA and non-DRA cohorts based on a cut-off of an 

IRD of 1.6 cm at a point 2 cm below the umbilicus.35 The sub-umbilical IRD is less 

valid48 and reliable49 than IRD measured at sites at and above the umbilicus. Mota and 

colleagues35 also only studied pain in the lumbopelvic region and did not consider 

abdominal or thoracic pain, which was found by Parker and colleagues6 to be dependent 

on DRA status.6  

Lastly, and most recently, Sperstad and colleagues7 reported that there was no 

difference in self-reported lumbopelvic pain between women with and without DRA at 

one-year postpartum.7 Although this finding agrees with Mota and colleagues,35 the 

authors used palpation to stratify their sample into DRA and non-DRA cohorts. Although 

the palpation method is commonly used in clinical practice,34 USI is the preferred 

technique for assessing IRD50,51 and may have resulted in misclassification in some 

women.  

2.7 Evaluation of DRA  

The presence or absence of DRA has traditionally been determined by manual 

palpation. While manual palpation has been found to have moderate inter-rater 

reliability,50 because this technique is imprecise, it is only considered sufficient in 

detecting the presence or absence of DRA not the extent of DRA severity.51 USI has been 

found to be more responsive and reliable than palpation for assessing IRD.50,52 Given the 

accessibility of USI  to both researchers and clinicians, it is the recommended technique 

for the investigation of DRA.51  
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There is a range of variation in the literature regarding what constitutes an abnormal 

IRD. Researcher groups have not only defined this abnormal separation at different 

measurement sites (i.e., below the umbilicus, at the superior border of the umbilicus, or 

half-way between the xiphoid process and the superior border of the umbilicus), they do 

not agree on a definition. IRD values ranging from 1.5 to 2.5 cm3,4,7,9,53,54 have been used 

as cut-off points to define DRA in different studies. Without a consistent and accurate 

definition of what constitutes a DRA, it is difficult to compare results between studies 

and to build on the results of previous research. It is crucial that a clear definition of DRA 

needs to be established.  

2.7.1 Ultrasound Imaging as a Valid Measure of Inter-Rectus Distance    

Mendes and colleagues48 measured IRD using USI in 20 patients who were scheduled 

to have an abdominoplasty. Seven measurements were done at 3, 6, 8, and 12 cm above 

the superior margin of the umbilicus as well as 2 and 4 cm below the inferior margin of 

the umbilicus. The USI measurements were compared to measurements obtained by two 

independent observers when a surgical compass was used intra-operatively. Using 

Wilcoxon’s test, the average values from the two observers were compared to the 

measurements made through USI. The researchers found no significant differences 

between the measurements made from USI and the surgical compass at the supra-

umbilical and the umbilical levels, although the surgical compass measures were 

significantly larger than IRD measures made using USI at the infra-umbilical levels. The 

authors concluded that USI is a valid measure of DRA above and at the umbilicus.48 

Because IRD can be larger than the length of the imaging probe,55 Keshwani and 

McLean56 tested two different extended field of view techniques including stand-off pads 
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and panoramic imaging. They found that IRDs measured using these approaches were 

concurrently valid and equally reliable when compared to measures of IRD made using 

conventional imaging. Their sample was restricted to women with IRD that were less 

than 3 cm to ensure that conventional imaging could capture the medial borders of the 

RA. Future research using magnetic resonance imaging is needed to validate these 

approaches in women with larger IRD.56 

2.7.2 Ultrasound Imaging as a Reliable Measure of Inter-Rectus Distance  

 Mota and colleagues52 explored the test-retest and intra-rater reliability of USI 

measurements of  IRD in women. Twenty-four participants were recruited; 12 were less 

than six months postpartum, and 12 were of different parity ranging from 0-2 births. IRD 

measurements were taken from USI images captured along the midline of the abdomen at 

2 cm above and 2 cm below the umbilicus while women were at rest, during an 

abdominal curl-up, and during an abdominal in-drawing maneuver. Only one image was 

taken at each location under each condition. Measurements were done offline by an 

investigator blinded to other demographic and clinical variables. The researchers found 

good to excellent intra-rater reliability (intra-class correlation coefficient values (ICCs) 

were between 0.74 and 0.90).52 The authors concluded that USI is a reliable method for 

measuring the IRD at rest and during an abdominal contraction.52 

More recently, Keshwani and McLean49 found high intra-rater, between-session 

reliability of IRD measured at or above the level of the umbilicus (ICCs > 0.90), and 

estimated the minimal detectable change to be less than 0.46 cm and the standard error of 

measurement to be less than 0.17 cm.49 Inter-rater reliability of IRD was excellent at 3 

cm and 5 cm above the umbilicus (ICCs3,5 ranged from 0.82-0.91), yet at the level of the 
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superior border of the umbilicus, interrater reliability was only moderate (ICCs3,5 = 

0.72).57  

When measuring the IRD, it is common practice to hold the ultrasound transducer 

perpendicular to the LA and then gradually tilt the ultrasound transducer until a clear 

image is obtained.58 It is apparent from the USI literature that the angle at which the 

transducer is held can affect morphologic measurements of the TrA, the bladder,59 the 

deltoid, and the supraspinatus muscle 60 but it is not known if tilting the transducer affects 

the measurements of IRD. If transducer orientation has an effect on the measurements of 

IRD, this would be problematic in both clinical practice and research; guidelines on probe 

positioning would have to be followed to ensure accurate measurements are obtained.  

2.7.3 Ultrasound Imaging and Linea Alba Tension – A New Measurement Approach  

  When investigating the changes that occur at the LA during and after pregnancy, 

researchers have focused on the measure of IRD.1,6,7,9,54,61 Reducing the IRD has become 

a common goal in clinical practice although there is still a debate in the literature on how, 

why, and whether this is important.11,34,52,62,63  

Recently, Lee & Hodges33 proposed that the magnitude of the IRD may not have 

direct clinical implications and that it is the ability of women to transfer tensile forces 

across the LA that may be more relevant to function.33 Lee & Hodges33 postulated that 

IRD may increase during functional task performance in some women, where transverse 

stresses are generated on the LA as a result of TrA contraction, and that this stress 

stiffens the LA by taking up any slack, enhancing its’ capacity to support abdominal 

contents64 and to transfer force across the abdominal wall.65 Lee & Hodges33 proposed an 

innovative way to measure the capacity of the LA to transmit forces. This measurement, 
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called the distortion index (DI), quantifies the extent of distortion of the LA as the ratio 

of the area bound by the distorted LA and the shortest straight-line path between the 

medial aspects of the RA heads and the length of the straight line (IRD) as seen on USI. 

Although the DI is an indirect measure of tension, it shows promise in terms of 

explaining impairment and dysfunction associated with DRA. Further research is needed 

that explore the validity of the DI measurement as an indicator of LA stiffness. If this 

approach is valid and reliable, this measurement may be more relevant to function than 

IRD.  

2.8 Rehabilitation and Abdominal Muscle Training for DRA  

 Select physiotherapists currently use therapeutic exercises and abdominal binders 

to reduce IRD; however, the evidence to support or refute these practices is limited.63 A 

survey of experienced women’s health physiotherapists has suggested that strengthening 

the TrA in isolation along with functional activities are the key elements in the 

physiotherapeutic management of DRA.34 Although intervention studies have 

investigated the effects of conservative exercise for DRA66,67 these studies appear to be 

premature as the literature does not currently present a strong rationale for these 

interventions.63  

 Chiarello and colleagues66 evaluated the effect of abdominal exercises on the 

presence of DRA and the magnitude of the IRD during pregnancy in 18 women. 

Participants in the exercise group (n=8) were recruited after they had completed a six-

week prenatal exercise program while participants in the control group (n=10) were 

recruited from a private obstetrics/gynecology office. The prenatal exercise program 

consisted of six ninety-minute classes in which participants performed posterior pelvic 
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tilting exercises in supine and standing, sustained abdominal drawing in maneuvers, rapid 

abdominal drawing in maneuvers, and upper and lower body resistant band exercises 

with a pre-contraction of the TrA.66 At 25 weeks gestation, the exercise group had 

significantly smaller IRDs (1.14 ± 0.38 cm) than the control group (IRD = 5.95cm ± 2.36 

cm),66 yet the study has some important limitations. Women’s pre-pregnancy IRD and 

exercise levels were not assessed and it is probable that the women who enrolled in the 

prenatal exercise class were more likely to have exercised before pregnancy. The parity 

of the non-exercising group was also higher than that of the exercising group (2.3 ± 1.2 

cm vs. 1.3 ± 0.5 cm, respectively) and parity has been found to be a potential risk factor 

for DRA.3,4 As such, the results of this study have a high risk of bias.  

 El-Mekawy and colleagues67 explored the effect of abdominal exercises and an 

abdominal support belt on IRD in women in the early postpartum period.67 Participants 

were randomly assigned to one of two interventions which began on the day after 

delivery. One group (n=15) wore an abdominal binder for six weeks while the other 

group (n=15) participated in abdominal exercises consisting of static abdominal 

contractions, posterior pelvic tilts, reversed sit-ups, trunk twists, and reverse trunk twists. 

These exercises were performed three times a week for six weeks.67 Significant 

improvements in IRD were found in both groups, with a significantly larger improvement 

in IRD found in the exercise group compared to the abdominal binding group.67 

However, the researchers only measured IRD at one location (superior border of the 

umbilicus) and did not include a control group in their study. The lack of a control group 

is particularly important since IRD has been shown to reduce naturally in the postpartum 

period without treatment.1,2,59 Since the impact of an increased IRD on pain, impairment, 
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and physical function is not known, the utilization of these results in clinical practice is 

premature and further investigation is warranted. 

 Four case studies68–71 have looked at the effects of abdominal exercises on DRA 

in the postpartum period and have reported improvements in IRD with the use of 

exercise.68–71 Due to the nature of these studies, however, it is impossible to generalize 

their findings to a larger population of women until high quality, adequately powered, 

prospective, randomized controlled trials are performed.63,72  

 Treatment and exercise interventions for DRA appear to be informed mainly by 

the literature on low back pain and spinal stability, where TrA contractions both in 

isolation and during movement are a focus.34 There is currently no consensus on which 

specific exercises should be performed and how they should be progressed.34 This lack of 

consensus is understandable as there are critical gaps in the literature around the 

definition of DRA and its implications regarding impairment and function.  

2.9 Summary 

This review of the literature demonstrates that DRA is prevalent in parous women 

beyond the first year postpartum.1 It is evident that there are many gaps in knowledge 

around the diagnosis and need for management concerning DRA in parous women. The 

goal of this dissertation is to address some of the gaps that currently exist in the DRA 

literature. Before initiating a study exploring the physical impacts of DRA, two important 

investigations were needed to inform our methods. First, in Chapter 3, we present the 

IFLEXD, a reliable and valid way to measure isometric trunk strength within and outside 

of the laboratory setting. In Chapter 4, we show that the angle at which the ultrasound 

transducer is held has minimal influence on IRD measurements made from images of the 
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LA in parous women. Using these methods as well as others with good psychometric 

properties, Chapter 5 presents a prospective cohort study where we aimed to establish 

whether or not DRA has negative implications for women’s strength, endurance, and/or 

functional capabilities.6,9,11 In Chapter 6, we present a secondary analysis of the data 

recorded in Chapter 5 to evaluate whether or not the DI, as proposed by Lee & Hodges,33 

is useful in the detection of impairment or functional deficits in women with DRA. 

Chapter 7 provides a general discussion of the findings of this thesis and next steps that 

are essential to the advancement of physiotherapy practice in the management of DRA in 

women.  
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Validity and reliability of average torque measured using a new portable trunk 

dynamometer to measure maximum effort isometric trunk torque in healthy women 

3.1 Abstract  

The Biodex TM dynamometer is currently considered the gold standard for the 

measurement of isometric trunk torque. However, the Biodex is expensive and can only 

be used in a clinic or laboratory setting. The objective of this study was to describe a new 

portable trunk dynamometer (IFLEXD) built to measure isometric trunk flexion and 

extension torque in the field, and to investigate if measurements of maximum effort 

flexion and extension torques acquired from women using the IFLEXD are reliable and 

valid when compared to measurements obtained using the Biodex System 3TM. Twenty 

healthy female participants performed three maximum voluntary isometric contractions 

of both trunk flexion and extension on both the IFLEXD and the Biodex 3TM in random 

order. The test-retest reliability of the resulting average torque measures was determined 

using intra-class correlation coefficients (ICCs), through which minimal clinically 

important differences (MCIDs) were computed. The validity of the IFLEXD was 

assessed against the Biodex 3TM using Pearson’s correlation and linear regression models. 

The test-retest reliability of average flexion and extension torque recorded using the 

IFLEXD was excellent (ICCs (3,1) > 0.973, MCID < 6.74N). Measures acquired from 

the IFLEXD and Biodex 3TM were strongly correlated in both flexion (rho = 0.87) and 

extension (rho = 0.85) with significant linear regression equations (p < 0.001) having R2 

values of 0.76 and 0.73 respectively. The IFLEXD is a reliable and valid method for 
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measuring isometric trunk torque in women. The IFLEXD may have widespread 

applications in both research and clinical settings.  

3.2 Introduction 

 Currently, the BiodexTM dynamometer is the “gold-standard” in research settings 

when muscle torque measurements are required, and has been shown to be a valid 

method for measuring trunk torque in both men and women.1–3 However the BiodexTM is 

not portable, and therefore measurements can only be made in the laboratory setting. 

Being able to collect isometric trunk torque data outside of the laboratory may offer 

several advantages such as improving recruitment rates and reducing attrition in 

longitudinal research studies.  

Hand-held dynamometers are presently the primary portable, inexpensive option 

to quantify strength in both research and clinical settings. However, they have limitations 

as they require the tester to have significantly more strength than that of the participant 

being tested, test conditions are difficult to standardize between trials and sessions, and 

they have been reported to be uncomfortable for participants when repeated trials are 

conducted.4 Therefore, a portable unit that can accurately assess trunk flexion and 

extension torque is needed.  

 We have developed a portable trunk dynamometer (Isometric Flexion and 

Extension Dynamometer; IFLEXD) to allow clinicians and/or researchers to objectively 

assess isometric trunk flexion and extension torque in the field. The IFLEXD is 

comprised of two components, the instrumented physical device and the software 

interface. The physical device (See Figure 3.1) is designed to accommodate the 

anthropometric measurements of 95% of both men and women.5 It consists of a seat pan 
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mounted ahead of a hinged steel tube which is held in position by a supporting brace. A 

uniaxial tension-compression load cell (Omegadyne Inc. LCL101- 500 lb.) is mounted 

with a pin joint at one end, perpendicular to the steel tube and with a rod end on the brace 

side. A height-adjustable, free rotating, foam roller provides a single line of contact with 

the user and is positioned so that this contact is at the height of the scapular spines. The 

pinned joints ensure no moment is transmitted at these connections.  

 

 

Figure 3.1. The physical device characteristics of the IFLEXD. Definitions: dloadcell is 

the distance in meters from the pivot point up to the load cell attachment and droller is 

the distance in meters from the pivot point to the location of the roller attachment.  
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When instrumented, the participant’s trunk is fixed in a position of 5 degrees of 

forward flexion in relation to vertical. The forward position of the scapular foam roller 

pad is adjusted to the participant’s anthropometry (back length) to maintain their torso 

angle at 5 degrees. This positioning replicates the posture used by the Biodex System 3TM 

dynamometer in the lumbar isolated back extension/flexion test.  

 During the extension test, the user pushes posteriorly against the foam roller. 

During the flexion testing, the user pulls anteriorly against padded shoulder straps that are 

attached to the mounting of the roller bar such that the resultant force is applied at the 

same location as pushing against the padded roller. Knowing the reaction force at a 

known distance from the hinge allows calculation of the force applied by the user through 

the following equations: 

Where Froller is the force applied by the user on the roller at the spine of the 

scapula, Floadcell is the force measured with the load cell; the dloadcell is the distance in 

meters from the pivot point up to the load cell attachment and droller is the distance in 

meters from the pivot point to the location of the roller attachment (See Figure 3.1). 

Torso generated moment (MT) is then calculated as: 

Where Torso Length is the distance in meters measured from the height of the 

center of rotation of the hip joint to the height of the roller contact point on the spine of 

the scapula.  

 

Froller = Floadcell * (dloadcell/droller) (N)                                                   Equation 1 

 
 

 

MT =  Froller*sin(85º)*Torso Length (N.m)    Equation 2 
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The IFLEXD software was built using National Instruments LabVIEW 2013® 

software (National Instruments, Austin, TX, USA). The user inputs participant 

anthropometrics (vertical distance from the midpoint from the scapular spines to the top 

of the ischial spines and vertical distance from the ischial spines to the center of the hip 

joint) which are used to calculate the individual’s flexion/extension moment arm length. 

The acquisition program calculates, processes and plots moment-time histories, maxima 

and minima. The processed data are available for immediate review and raw and 

processed data are stored for additional processing if desired. 

The purposes of this study were to: 1) evaluate the test-retest reliability of 

maximal effort trunk flexion and extension torques measured using the IFLEXD, and (2) 

test the validity of the maximal effort trunk flexion and extension torques measured using 

the IFLEXD against the Biodex 3TM isokinetic dynamometer used in isometric mode.  

3.3 Methods 

 The study was found to be in compliance with the standards for the ethical 

conduct of research by the Queen’s University Health Sciences Research and Ethics 

Board (REH-578-14), and all volunteers provided written informed consent before 

participating.  

3.3.1 Participants 

Eligible nulliparous female volunteers were recruited through convenience 

sampling from the Kingston, Ontario community. Women were included in this study if 

they were older than 18 years of age and were able to follow instructions in English. 

Potential participants were not considered eligible for this study if they had: 1) a history 

of pelvic floor muscle dysfunction (any form of vulvovaginal pain, prolapse, or 
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incontinence), 2) a history of abdominal, gynecological or urological surgery, 3) a 

neuromuscular or metabolic condition which may affect muscle contractility, 4) been 

pregnant beyond the second trimester, 5) a history of low back or neck pain. Women 

were also excluded from this study if they believed that they would have difficulty sitting 

and performing maximum trunk flexion and extension exercises for the duration of the 

protocol (30 minutes).  

To determine an adequate sample size for exploring the reliability of the Biodex 

3TM and IFLEXD systems using intra-class correlation coefficients (ICCs), Walter and 

colleagues’ recommendations were used.6 An adequate sample size of thirteen was 

calculated by taking into account Type I (α =.05) and Type II (β = 0.20) error rates, the 

minimally acceptable reliability coefficient (ICC = 0.70),7 our expected reliability (ICC = 

0.90) based on previous intra-rater reliability studies2,3 and the number of repetitions per 

task (three). Twenty women were recruited to participate in this study to ensure that a 

sufficient sample of thirteen was attained while a larger sample would increase the 

likelihood that data would be normally distributed.  

3.3.2 Biodex System 3TM 

 The Biodex System 3TM with dual position back extension/flexion attachment 

(Biodex Medical Systems, Inc., Shirley, NY, USA) was used in this study. Participants 

were seated on the seat pan of the Biodex 3TM and were secured with straps across the 

distal thigh, the proximal thigh and upper thorax. Participants’ knees were fixed at ninety 

degrees of flexion and their arms were crossed over their chest. Participants were 

instructed to keep their palms opened and relaxed to ensure that they did not use their 
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arms during the trunk torque efforts. Hip-trunk angle was positioned at approximately 85 

degrees of flexion.  

 The Biodex 3TM output for torque was evaluated under an isometric condition for 

both trunk flexion and extension. All torques were gravity corrected using the Biodex 3TM 

software. The mechanical range of motion limits were always positioned at a constant 85 

degrees of hip flexion.    

3.3.3 Testing Procedure 

 Participants attended laboratory testing on two separate occasions. At the first 

testing session, after a ten-minute brisk walk on the treadmill to warm up, the investigator 

instructed each participant on how to do a maximum isometric contraction of their trunk 

flexors and extensors on the IFLEXD and Biodex 3TM. Participants were randomized to 

which system on which they would perform the tasks first using a computer-generated 

randomization scheme. Participants sat in both the IFLEXD and Biodex 3TM with their 

knees flexed at ninety degrees, hips at approximately eight-five degrees of flexion and 

arms positioned across their chest. In both devices, a harness was placed comfortably 

around the front of their shoulders allowing participants to pull forwards during the 

flexion testing and to maintain standardized positioning during extension testing. Testing 

always began with a maximum effort contraction into flexion (See Figure 3.2). Each 

participant was asked to perform three repetitions of both flexion and extension at the end 

of exhalation. A rest of 90 seconds was given in between repetitions to control for 

potential fatigue. The investigator instructed the participants to push their trunk forward 

into the shoulder straps (flex) with as much force as they could without using their arms 

or legs. Consistent encouragement was given throughout each trial and was the same on 
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each system. Each contraction was repeated three times and a ninety-second rest was 

given between trials. After each testing session, the IFLEXD was taken apart and 

reassembled before the next testing session or participant. It was important to take apart 

and reassemble the IFLEXD after each participant due to the intended future use of this 

device. The IFLEXD was built to be used in both clinical and home settings, where it 

would be disassembled and moved frequently. Participants returned approximately one 

week after their initial session to repeat the protocol followed at their first session.  

  

Figure 3.2. Participant performing flexion in the IFLEXD. 
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3.3.4 Data Processing 

The Biodex System 3TM Research Tool Kit was used to directly record torque data 

from the Biodex 3TM. Torque scaling was set at 0-128ft.lbs and the torque output was 

sampled at 100 Hz using a 16-bit National Instruments Analog to Digital Conversion 

Card (BNC-2090). National Instruments DAQTMmx (in National Instruments 

SignalExpress 2013 version 7, National Instruments Corporation, Austin TX, USA) was 

used to acquire, record, and export the raw data to a personal computer. The IFLEXD 

force output signal was conditioned with an amplifier (Model 9243, Burster, Germany) 

and sampled at 100 Hz using a 12-bit Measurement Computing Analog to Digital 

Conversion Card (USB-201, Measurement Computing Corporation, Norton, MA, USA). 

Using a custom data acquisition and analysis program created in National Instruments 

LabVIEW 2013® (National Instruments, Austin, TX, USA), raw data were acquired, 

processed, and saved to a personal computer.  

3.3.5 Data Analysis 

The average torque was calculated from the three repetitions of both flexion and 

extension on each system. An average of the three trials for both flexion and extension 

for each participant was then used to represent their average torque. Test-retest reliability 

of average torque measurements were determined for each motion separately by 

calculating the intra-class correlation coefficients (ICCs) using variance information 

generated from a two-way mixed model analysis of variance. ICC model 3, 1 (Equation 

3); 8 was used, since average measures for the three trials were entered into the model as:  

 

ICC (3,1) = (BMS – EMS)                

          BMS                                                                                      Equation 3 
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Where BMS represents between-day mean square error and EMS represents a 

within-day mean square error.  

The standard error of measurement (SEM; Equation 4) was calculated to 

determine the error associated with isometric trunk flexion and extension measurements 

made between testing days.  

 

 

Where SStotal in the equation represents the overall model variance.  

Lastly, the minimal clinically important difference (MCID; Equation 5) was 

calculated to determine the minimal change in torque necessary in this population to be 

confident a real change has occurred.6 

   Equation 5  

 

Reliability coefficients were classified using Currier’s recommendations7 where 

reliability coefficients less than or equal to 0.69 indicated poor reliability, between 0.70 

and 0.79 indicated fair reliability, between 0.80 and 0.89 indicated good reliability, and 

greater than or equal to 0.90 indicated excellent reliability.7 Independent t-tests were 

performed to determine if there was a systematic difference between the average torque 

measurements recorded by the Biodex 3TM in comparison to the IFLEXD. Pearson’s 

correlations and linear regression analyses were used to investigate the relationship 

between torque values obtained from the IFLEXD and those obtained by the Biodex 3TM.  

MCID = SEM × 1.96 × √2 

SEM =  √
SStotal

(n − 1)
× √1 − ICC 

Equation 4 
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3.4 Results 

Twenty healthy women participated in this study. Demographic information can 

be found in Table 3.1. All participants were able to perform maximum effort trunk 

flexion and extension efforts on both devices without difficulty or discomfort. Table 3.2 

displays the average torque measurements obtained on each system, motion, and day. All 

measurements were found to be normally distributed using the Shapiro-Wilk test. 

Results from the test-retest reliability analysis for both dynamometers are 

presented in Table 3.3. ICC values demonstrated excellent between-day reliability for the 

IFLEXD when testing flexion and extension (ICC (3,1) = 0.973 for both) and the Biodex 

3TM demonstrated excellent reliability for flexion (ICC (3,1) = 0.920) and good reliability 

for extension (ICC (3,1) = 0.880). The SEM and MCID values recorded using the IFLEXD 

and the Biodex 3TM are displayed in Table 3.2.  

Paired t-test results for the measurements obtained by each dynamometer 

demonstrated no evidence of a significant test-retest bias for the flexion or extension 

torque measurements (p ≥ 0.05). The average torque values measured using the IFLEXD 

and the Biodex 3TM were highly correlated for both flexion (rho = 0.829, p < 0.001) and 

extension (rho = 0.886, p < 0.001). The linear regression analysis investigating the 

relationships between the Biodex 3TM and the IFLEXD resulting in the equation y = 

0.92x + 2.59 (p < 0.001) for flexion and y = 0.94x -3.7 (p < 0.001) for extension with R2 

values of 0.76 and 0.73 respectively. Figure 3.3 displays the results for the flexion task. 

The slopes of these equations were not significantly different from one, and the intercepts 

were not significantly different from zero.  
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Table 3.1. Demographic characteristics of primiparous women (n=20) 
 

Variable Value 

Age (years) 25 ± 3 

Height (cm) 167.9 ± 7.7 

Weight (kg) 63.4 ± 10.5 

BMI (kg/m2) 22.8 ± 4.3 

Abbreviations: BMI, body mass index. 

Data are mean ± standard deviation (SD). 

 

Table 3.2. Average flexion and extension torque measurements recorded during 

maximal effort exertions using the IFLEXD and the Biodex 3TM systems 

 

 

Direction of Torque 

Day One Day Two 

 

IFLEXD 

 

Biodex 3TM 

 

IFLEXD 

 

Biodex 3TM 

Average Flexion 

Torque (N·m) 

 

49.3 ± 19.7 51.6 ± 17.7 47.0 ± 18.7 49.8 ± 18.6 

Average Extension 

Torque (N·m) 

71.2 ± 34.4 84.7 ± 38.8 68.8 ± 32.9 79.5 ± 27.0 

 

Data are mean ± standard deviation (SD) torque measures in N·m (Netwon·meters) 

obtained from flexion and extension efforts using each device on each day (n=20). 

 

Table 3.3. Test-retest reliability of average torque measurements obtained using 

each system when participants (n=20) performed maximum effort exertions. 
 

System and direction of 

torque production 

ICC (3,1) 

[95% CI] 

SEM (N·m) MCID (N·m) 

IFLEXD Flexion  0.973 

[0.930-0.989] 

 

1.34 3.71 

IFLEXD Extension  0.973 

[0.933-0.989] 

 

2.43 6.74 

Biodex 3TM Flexion  0.920 

[0.796-0.968] 

 

2.28 6.32 

Biodex 3TM Extension  0.880 

[0.694-0.952] 

5.04 13.97 

Abbreviations: ICC, Intraclass Correlation Coefficient; 95% CI, 95 percent confidence 

interval around the ICC; SEM, standard error of measurement; MCID, minimal clinically 

important difference. N·m, Newton·meters 
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Figure 3.3. The relationship between average recorded torque measured during maximal 

effort flexion exertions using the IFLEXD and the Biodex 3TM for n=20 females; the 

linear regression equation is noted on the graph; Abbreviations: IFLEXD, Isometric 

Flexion and Extension Trunk Dynamometer; N·m, Newton·meters. 
 

3.5 Discussion 

Our results indicate excellent ICCs with SEM values below 6% for flexion and 

extension on both systems and are comparable with findings from studies on other trunk 

dynamometers.9–12 Our reliability results obtained from the Biodex 3TM were comparable 

to those of Stark and colleagues3 and Gunnarson and colleagues2 who investigated 

isometric trunk torque measurements in women on the BiodexTM.2,3  

Stark and colleagues3 assessed the reliability of isometric trunk torque measured 

using the Biodex System 4TM in women with diastasis recti abdominis; they reported ICC 

values ranging from 0.77 to 0.97.3 Our results were at the top end of this range. Our 



 

 

47 

results are also similar to those of Gunnarsson and colleagues2 who explored the test-

retest reliability of maximal isometric trunk flexion torque generated by healthy 

volunteers (n=10) and by a group of individuals with ventral hernias (n=10), where they 

reported an ICC of 0.966.2  

The IFLEXD provides the researcher and clinician with a valid, reliable, portable 

device that may be used in longitudinal studies or for follow-up assessments. When 

portability and affordability are imperative, handheld dynamometry is typically used. 

Hand-held dynamometers provide clinicians with the ability to acquire a quantifiable 

measurement during manual muscle testing however, they have many limitations. They 

are reliant on the operator of the device having adequate strength to resist the force 

produced by the participant. If the tester does not have adequate strength, they must 

establish a position of mechanical advantage to achieve an accurate measure.4 Moreland 

and colleagues13 tested the inter-rater reliability of isometric trunk torque measured from 

healthy adults using hand-held dynamometers. They found poor interrater reliability for 

both isometric trunk flexion (ICC = 0.25, SEM = 60N) and extension (ICC = 0.24, SEM 

= 68 N) forces.13 Moreland and colleagues13 also reported that their raters found it 

difficult to maintain a static position (i.e. a true isometric contraction) through their 

resistance.13 Hand-held dynamometry is not currently recommended as a primary 

strength measurement tool for healthy strong individuals.4 Therefore, it is imperative that 

systems like the IFLEXD have well-established reliability for use in both the clinic and in 

research settings. 

A major strength of the current study is our comprehensive assessment of 

reliability using ICCs, SEM and MCID estimates between systems and days. Another 
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strength is the use of the BiodexTM Research Tool Kit, which allowed direct access to the 

flexion/extension torque data from the Biodex 3TM system such that our signal processing 

methods for both systems could be the same. 

As with all studies, there were some limitations in our design. We recruited and 

studied only females, and therefore our results are only generalizable to a healthy female 

population. This was a deliberate choice since the IFLEXD was built to be used in a 

woman’s health research study. The system was based on the anthropometry of women 

and men5 and could be used in studies exploring trunk torque in both sexes. However, a 

second reliability and validity study should be done to ensure the results are similar in a 

population of men. Based on our pilot work during the design phase and based on 

previous work,4 we did not include isometric torque measures recorded using hand-held 

dynamometry in the current study, so we do not know how the reliability of the IFLEXD 

system compares to that of hand-held dynamometry. Although unlikely based on the 

work by Moreland and colleagues,13 if standardized test positions could produce equally 

valid and reliable torque measures compared to the IFLEXD, hand-held dynamometry 

would provide a simpler method of acquiring data in the field.  

3.6 Conclusion  

Overall this study demonstrated that the portable IFLEXD is a valid and reliable 

method for measuring isometric trunk torque in healthy women and is appropriate for use 

in research studies investigating changes over time due to natural processes or 

interventions. The IFLEXD may have widespread application in both the research and 

clinical settings as it can be used as an objective outcome measure when assessing the 

changes in trunk strength following an insult or intervention. Further, the ability to collect 
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reliable trunk torque data outside of the laboratory setting may improve attrition in 

longitudinal studies.  
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Influence of ultrasound transducer tilt in the cranial and caudal directions on 

measurements of inter-rectus distance in parous women 

4.1 Abstract 

An increased inter-rectus distance (IRD) can persist after a pregnancy and may be 

associated with lumbopelvic dysfunction. Ultrasound imaging (USI) is currently the gold 

standard for measuring IRD; however, no study has explored the need to standardize the 

transducer angle during these evaluations. The purpose of this study was to determine 

whether the angle of the ultrasound transducer relative to the underlying abdominal wall 

has an effect on measurements of IRD in parous women. Ultrasound images of the linea 

alba (LA) were captured from 15 women, at rest and during a head lift, beginning with 

images acquired perpendicular to the LA at the midline, then tilted in 5˚ increments to 15˚ 

in both the cranial and the caudal directions. Repeated-measures analyses of variance 

were used to test for systematic differences in IRD measurements among the transducer 

angles in both the rest and the head-lift conditions. An α of 0.05 was used for all tests. No 

significant effect of transducer angle was found in IRD measurements acquired with 

participants at rest (F2.24, 31.3 = 1.814; p = 0.18) or during a head lift (F3.15, 44.1 = 1.315; p = 

0.28). When using USI, cranial or caudal tilt errors in transducer angle do not appear to 

pose a problem when measuring IRD. 

4.2 Introduction  

Ultrasound imaging (USI) is the best non-invasive measurement tool for 

evaluating abdominal muscle separation, particularly in women after pregnancy.1 By 

mid-to-late pregnancy, the rectus abdominis (RA) muscle bellies must move laterally to 
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compensate for the expansion of the abdomen, and this lengthens the linea alba (LA). The 

distance between the RA muscle bellies is referred to as the inter-rectus distance (IRD) 

and can be measured using USI.2,3 There is ambiguity about what constitutes an abnormal 

IRD, known as diastasis recti abdominis (DRA). However, research has suggested that 

IRD values greater than 2.2 cm at 3 cm above the umbilicus could define DRA.4  DRA is 

estimated to be present in 33%-78% of women during the postpartum period,2,5–9 

Currently, only limited information is available regarding the health implications of 

DRA. Research has suggested that an association may exist between DRA and reduced 

abdominal muscle strength and endurance,8 lumbopelvic dysfunction, and pain8; 

however, results are not conclusive and more research is needed.10 Nevertheless, 

clinicians currently monitor changes in IRD associated with DRA recovery, either 

naturally or in response to interventions.11,12  

USI has been shown to provide reliable measurements of IRD.13,14 Keshwani and 

McLean13 found the between-session reliability of IRD measured at or above the level of 

the umbilicus to be high (intra-class correlation coefficients > 0.90), with a minimal 

detectable change of less than 0.46 cm and a standard error of measurement of less than 

0.17 cm.13 IRD measured using USI at and above the umbilicus was found to be valid 

compared with measurements obtained with a surgical compass1, and IRD measured 

below the umbilicus was found to be both less valid1 and less reliable.13 

It is evident from the literature that the angle of the transducer relative to the 

tissue of interest can affect the validity of the morphologic measurements made using 

USI.15 For example, Whittaker and colleagues15 found significant differences in the 

thickness of the transverse abdominis muscle if the transducer was rotated more than 9º 



 

 

54 

in the z-direction (rotation) or tilted more than 5º in the cranial-caudal or medial-lateral 

direction. These researchers also found differences in bladder base position when they 

tilted the transducer more than 10º in either the cranial or the caudal direction.15 

Investigating the shoulder musculature, Dupont and colleagues found up to a 15% 

measurement error induced by varying the transducer angle by 30º.16 These studies 

suggest that it is important to carefully control the tilt and rotation of the transducer when 

using USI for musculoskeletal applications.15,1615,16 

When measuring IRD in healthy individuals, the sound waves emitted from the 

ultrasound transducer remain relatively perpendicular to the LA, regardless of the amount 

of cranial or caudal tilt of the transducer head. However, after childbirth, there is often 

distortion in the abdominal muscles and fascia,17 and the sound waves may no longer run 

perpendicular to the LA. Therefore, the transducer must be held in either the cranial or 

the caudal direction to acquire a clear image. The amount of tilt used is often a 

compromise between clearly visualizing the fascial margins on one head of the RA and 

visualizing both fascial margins simultaneously. When using a linear transducer to 

optimize image resolution, it is possible to tilt the transducer laterally or rotate it on its 

axis, but only minimally: the image quality quickly deteriorates because the transducer 

loses contact with the skin. These errors are unlikely to occur when measuring IRD. 

Studies to date have not reported the orientation of the transducer when measuring 

IRD or the controls in place to ensure that the imaging angle was consistent.18,19 It has 

been recommended to image IRD by holding the transducer perpendicular to the LA and 

then incorporating tilting until there is a clear transverse image of both RA heads.20 

Currently, we do not know whether transducer angle has an effect on IRD measurements 
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and such an investigation has important implications for clinical practice and research. 

Specifically, physiotherapists who intend to measure changes in IRD over time need to 

know whether it is necessary to replicate the transducer angle from one day to another. 

Therefore, the objective of this study was to determine the effect of tilting the transducer 

cranially or caudally on the resulting IRD, measured using USI in parous women. We 

hypothesized that there would be a systematic difference in IRD measurements with the 

application of a cranial or a caudal directional tilt to the ultrasound transducer. 

4.3 Methods 

The study was found to be in compliance with the standards for the ethical 

conduct of research by the Queen’s University Health Sciences Research and Ethics 

Board (REH-559–13), and all volunteers provided written informed consent before 

participating. 

4.3.1 Participants 

A total of 15 parous female participants aged older than 18 years were recruited 

from the Kingston, Ontario area and participated in the study through convenience 

sampling. Our exclusion criteria consisted of women who were pregnant at the time of 

recruitment and women who reported persistent low back or neck pain. An estimated 

sample size of 12 women was determined using G*Power software (Version 3.1.9.2; 

Heinrich-Heine Universität, Düsseldorf, Germany), proposing a repeated-measures 

analysis of variance (ANOVA) with an estimated effect size of 0.3, an estimated 

correlation among repeated measures of 0.80, and type I (α = .05) and type II (β = .20) 

error rates. A total of 15 women were recruited to compensate for potential unusable data 

resulting from poor image quality or technical difficulties.  
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4.3.2 Ultrasound Imaging System Specifications 

A General Electric Voluson-i ultrasound system (GE Healthcare, Mississauga, 

ON) was used, and static two-dimensional images were recorded in B-mode using a 10-

megahertz linear transducer with a width of 53mm (Model 9L-RS). A trapezoid mode 

was chosen because it allows the investigator to enlarge the field of view. The output 

power and gain were adjusted to capture a clear image using the least amount of power.12 

Images were taken with the transducer centered between the bellies of the RA at 3 cm 

and 5 cm above the umbilicus, as per previously published protocols.1,21 The depth of the 

image captured was adjusted so that the RA heads could clearly be seen and the focal 

point was customized to be just under the LA on each participant.12 A triaxial 

accelerometer was attached to the head of the transducer to assess the cranial and caudal 

angles at which the probe was held (y-axis) relative to perpendicular. 

4.3.3 Procedure 

The same examiner performed all imaging and image processing. The examiner 

was a physiotherapist with formal postgraduate training in musculoskeletal USI and more 

than 100 hours of clinical or research experience using USI to evaluate the abdominal 

musculature. Before testing, the examiner determined which image site (3 cm or 5 cm 

above the umbilicus) produced the clearest images for each participant and used this site 

for the study. The clearest image was defined as the location on each participant’s 

abdominal wall that produced images in which both fascial boundaries of the RA muscles 

were clearly defined.  

The reference image (considered to be 0º of tilt or perpendicular to the LA) was 

the first image captured. Subsequent images were recorded with the transducer head tilted 
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5º, 10º, and 15º from perpendicular in both the cranial and the caudal directions while the 

participant remained at rest in a supine position (legs extended); the angles were verified 

using real-time accelerometer data. The protocol was then repeated while the participant 

held an isometric head lift. For the head lift task, participants were instructed to keep 

their neck in line with their spine and slowly lift their head off a thin pillow; the 

researcher palpated to verify that their scapula remained in contact with the plinth. A 

minimum of 1-minute rest was provided between repetitions of the head-lift task.21 Two 

images were captured at each angle during each task. 

4.3.4 Data Processing and Analysis 

The IRD was measured on all images off-line using ImageJ, version 1.46r 

(National Institutes of Health, Bethesda, MD). It was measured as the linear distance 

between the posterior–medial fascial borders of each RA head.9  

All data were first confirmed to be normally distributed using the Shapiro–Wilk 

test. We then used separate repeated-measures analysis of variance models using SPSS, 

version 14.2 (SPSS Inc., Chicago, IL) to test for systematic differences among trials and 

transducer angles. An alpha level of 0.05 was used for all statistical tests. 

4.4 Results 

Complete data sets were acquired from all 15 women. Participants had a mean ± 

SD age of 39.4 ± 8.0 years, a mean height of 161.6 ± 5.7 cm, a mean weight of 76.2 ± 

25.7 kg and a mean body mass index (BMI) of 29.4 ± 10.5kg/m2. Five of the women had 

experienced one term pregnancy, and 10 had experienced two or three term pregnancies. 

The mean age at birth of their first child was 32.1 ± 4.7 years. Nine of the women had 

delivered vaginally, and 6 had delivered by caesarean section. Seven of the women 
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presented with DRA, as defined by an IRD of more than 2.2 cm.4 For 7 of the 

participants, the clearest images of the LA were captured at 3 cm above the umbilicus; for 

the other 8 participants, the clearest images were those captured at 5 cm above the 

umbilicus. The difference in anatomical measurement site produced no significant 

difference in IRD, and there was no significant trial effect that might have indicated 

fatigue-induced effects. Table 4.2 presents the mean ± SD IRDs measured at each 

transducer angle during each task. The analysis of variance revealed no significant effect 

of transducer angle at rest (F2.24, 31.3 = 1.814; p = 0.18) or during the head lift (F3.15,44.1 = 

1.315; p = 0.28). 

 

Table 4.1. Demographic characteristics of parous women  

 

Variable (n=15) 

Age (years) 39.4 ± 8.0 

Height (cm) 161.6 ± 5.7 

Weight (kg) 76.2 ± 25.7 

BMI (kg/m2) 29.4 ± 10.5kg/m2 

Number of postpartum years 5.5 ± 4.9 

Number of children 

- One  
- Two  
- Three  

 

5 (33%) 

9 (60%) 

1 (7%) 

Delivery Mode  

- Vaginal 

- C-section 

 

9 (60%) 

6 (40%) 

Abbreviations: BMI, body mass index. 

Data are mean ± standard deviation (SD) or Numbers with percentages (%).  
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Table 4.2. Inter-rectus distance by transducer angle at rest and during a head-lift 

(n=15) 

 

Tilt direction Angle (°) Rest (cm) Head-lift (cm) 

Cranial 15 2.04 ± 0.68 1.62 ± 0.50 

10 2.05 ± 0.69 1.57 ± 0.51 

5 2.05 ± 0.70 1.65 ± 0.55 

Perpendicular 
 

0 2.03 ± 0.90 1.62 ± 0.52 

Caudal 5 2.03 ± 0.87 1.64 ± 0.58 

10 2.01 ± 0.89 1.61 ± 0.53 

15 2.02 ± 0.87 1.61 ± 0.56 
 

Data are presented as mean ± standard deviation (SD).  

4.5 Discussion 

The results of this study suggest that changes in ultrasound transducer angle of up 

to 15º in the cranial or caudal direction have no significant systematic impact on IRD 

measured from static ultrasound images recorded from parous women, either when they 

remain at rest or when they perform a head lift. The largest difference in IRD induced by 

tilting the transducer away from perpendicular was 0.05 cm; this occurred when the 

transducer was tilted 15º in the cranial direction while the women remained at rest. The 

magnitude of this error is much smaller than the previously reported minimal detectable 

change at 3 cm and 5 cm above the umbilicus (0.31 cm and 0.29 cm, respectively).13 

Thus, measurements of IRD obtained by tilting the transducer cranially or caudally to 

achieve the best possible image quality are unlikely to result in clinically important errors 

when images are taken along the linea alba at 3 or 5 cm above the umbilicus. 

Although our results differ from those of Dupont and colleagues16 and Whittaker 

and colleagues,15 our findings accurately reflect the morphology of the LA. For example, 

Whittaker and colleagues15 found that tilting the transducer in the cranial or caudal 
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direction by more than 10º introduced an unacceptable level of error into measurements 

of the thickness of the muscles of the lateral abdominal wall15 because the axis of 

measurement was no longer perpendicular to the tissue of interest. We also angled the 

transducer in the caudal and cranial directions; however, unlike Whittaker and 

colleagues15 we measured the LA on the plane perpendicular to the axis of the transducer. 

Measurements taken on this plane should not be affected by transducer tilt.  

The mean ± SD IRD value measured at rest from this sample of 15 women was 

2.03 ± 0.66 cm which is similar to that described by Coldron and colleagues11, who 

reported a mean IRD of 2.33 ± 0.83 cm in women who were one year postpartum. 

Coldron and colleagues11 also reported that IRD decreased over the first postpartum year, 

with an estimated reduction of 0.15 cm per month.11 On the basis of our data, errors in 

transducer angle were much smaller (0.05 cm) than the expected monthly reduction in 

IRD over the first 6 months postpartum. Therefore, errors in transducer angle are unlikely 

to contribute significantly to error when investigating changes in IRD during the acute 

phase of recovery in postpartum women, particularly if the examiner is kept constant. 

This study has several limitations. To begin with, we did not measure or 

standardize the amount of pressure on the ultrasound transducer while capturing the 

images. Changing the amount of pressure at the transducer-tissue interface may 

significantly affect IRD measurements by varying the amount of strain on the tissues. 

Second, we did not explore the effect of changes in transducer angle on the x-plane 

(lateral and medial tilting) or the z-plane (rotation). Although it is possible that errors on 

these planes could affect IRD measurements, our pilot work suggested that slight errors 

on these planes (< 5º) resulted in such poor image quality that they were unlikely to occur 
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in practice. Third, our small sample size may limit the generalizability of our results. 

Finally, to limit the effect of fatigue, we recorded only two images at each transducer tilt 

angle. Recent reliability analyses have reported results using an average of five images at 

each measurement site to quantify IRD, so it would have been prudent to measure five 

images at each transducer tilt angle, at least while the women remained at rest. It is also 

important to note that we did not measure IRD below the umbilicus. On the basis of 

previous research that found this location to be both less valid1 and less reliable,13,21 we 

advise against taking IRD measurements at this position 1,13 and consequently the results 

of our study should not be generalized to this position. 

4.6 Conclusion 

Tilts in transducer angle of up to 15º in both the caudal and the cranial directions 

are not significant when measuring IRD in parous women using trans-abdominal USI 

with a high-frequency linear probe. Clinicians and researchers can be confident that 

tilting the USI transducer to achieve the clearest image of the LA will not reduce their 

capacity to evaluate changes in IRD over time. 
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Comparison of trunk muscle function between women with and without diastasis 

recti abdominis at one-year postpartum: a prospective observational study 

5.1 Abstract 

A separation of the abdominal muscles at the linea alba, known as diastasis recti 

abdominis (DRA) is common after childbirth. However, the impact of DRA on 

abdominal muscle function is not clear. The objectives of this study were to determine if 

differences exist in trunk muscle function between women with and without DRA at 12-

14 months postpartum and if differences that emerge from the data are associated with 

the magnitude of the inter-rectus distance (IRD). Forty women participated in this study. 

After enrollment, they were stratified based on ultrasound imaging performed at the linea 

alba, resulting in 18 women with DRA (IRD ≥ 2.2 cm) and 22 controls without DRA 

(IRD < 2.2 cm). Maximal trunk flexion, extension and rotation torque generating capacity 

(Newton-meters), and trunk flexion, extension, and lateral flexion endurance (seconds) 

were measured. The Sit Up Test (0-3 points) and the Sitting-Rising Test (0-10 points) 

were performed. Pain and disability were assessed using numerical pain rating scales (0-

100), and the Roland-Morris Disability Questionnaire (0-24 points) was used to evaluate 

disability due to low back pain. Cases and controls were compared using independent t-

tests and Kruskal-Wallis tests. To determine associations between IRD and each 

dependent variable, Pearson’s product-moment and Spearman’s rank correlation 

coefficients; α = 0.05 were used. The women with DRA demonstrated significantly lower 

trunk muscle rotation torque (37.0 ± 3.6 N·m vs. 45.3 ± 9.8 N·m; p = 0.004) and scored 

lower on the sit-up test (median (IQR); 2 (1-2) vs. 3 (2-3); p = 0.024) than those without 
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DRA. IRD was negatively correlated with both trunk rotation torque (rho = -0.367, p < 

0.05) and Sit-up test score (rho = -0.514, p < 0.01). This study is the first to find that the 

presence of DRA in primiparous women at one-year postpartum has an impact on trunk 

rotation strength and on a woman’s ability to perform a sit-up. Despite these findings, 

women with DRA did not report more pain, nor dysfunction associated with low back 

pain. 

5.2 Introduction 

After pregnancy, it is common for women to present with a separation of their 

abdominal muscles at the linea alba (LA), known as diastasis recti abdominis (DRA).1 As 

the abdomen expands during pregnancy, the LA (the fascia between the rectus abdominis 

(RA) heads) must soften and expand to accommodate the growing fetus.2 This process 

increases the width of the LA, which is reflected in the inter-rectus distance (IRD). 

Current knowledge suggests that an IRD greater than 2.2 cm at 3 cm above the umbilicus 

indicates DRA.3 During the first two months of the postpartum period, the IRD begins to 

decrease. However, the IRD may not return to the normative values found among 

nulliparous women and women often present with DRA at the end of the first postpartum 

year.4  

Sampled women’s health physiotherapists believe the anatomical and 

physiological changes that occur at the abdominal wall as a result of pregnancy 

(specifically the presence of a DRA) are associated with a lower abdominal muscle 

strength and endurance5 and with lumbopelvic dysfunction.6,7 In the United States, 

physiotherapists believe DRA should be treated in the early postpartum period to prevent 

future strength and endurance deficits and consider therapeutic exercise to be the most 
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effective means of treating DRA.7 However, research to date has not adequately explored 

the associations between DRA and physical impairments.8 Therefore, it is unclear if it is 

important to screen for DRA after pregnancy and the impact of DRA on women’s health 

remains unknown. Since the physical and functional impacts of DRA have not been 

established, it is premature to be testing exercise protocols for their effectiveness. We 

first need to understand the physical and functional implications of DRA to determine 

whether physiotherapy intervention is warranted and, if so, which outcomes best reflect 

the impairment and/or dysfunction associated with DRA.  

The objective of this prospective observational case-control study was to 

investigate the impact of DRA on trunk muscle function at one-year postpartum. The 

following measures were used to explore whether or not differences exist in: a) maximal 

trunk flexion, extension, lateral flexion, and rotation torque generating capacity, b) trunk 

flexion, extension, and lateral flexion endurance, c) the ability to perform two functional 

clinical tests: the Sit-Up9 and the Sitting-Rising Test,10 and d) self-reported pain and 

dysfunction between women with and without DRA. We also aimed to determine 

whether the severity of impairments found in trunk strength and endurance and/or 

reported symptoms were correlated with the magnitude of the IRD. 

5.3 Methods  

 The study was found to be in compliance with the standards for the ethical 

conduct of research by the Queen’s University Health Sciences Research and Ethics 

Board (REH-636-15), and all volunteers provided written informed consent before 

participating.  
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5.3.1 Participants 

 Women who were approaching the end of their first postpartum year (12-14 

months from the delivery of their first child) were recruited for this study through 

convenience sampling from the Kingston, Ontario community. Recruitment was done 

through word of mouth and through advertising via study posters at local mother and 

baby groups, gyms, allied health clinics and family physician offices. Recruitment posters 

were also placed on social media on local mother support groups.  

There were limited data in the literature on which to estimate power and sample 

size. Liaw and colleagues5 measured timed trunk flexion and found significant 

differences between mean static trunk flexion endurance times between nulliparous 

women and women at six months postpartum. By using the group means and pooled 

standard deviations reported by Liaw and colleagues,5 an effect size of 0.8, an alpha level 

of 0.05 and with the power set at 0.8, we estimated that 52 women (26 women in each 

group) would be required to detect a group differences in endurance between women 

with and without DRA. At the end our pre-determined recruitment period, recruitment 

had reached 40 women. A preliminary analysis was done and significant group 

differences were found on some variables. Power analyses were then completed on the 

variables that did not reach statistical significance, the outcome of which suggested that 

continuing recruitment to n=52 would not have any meaningful impact on the power to 

detect differences in these variables. Therefore, recruitment was terminated at this point. 

Effect size analyses and Post-hoc power analyses can be found in Tables 5.1 -5.4.  
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Table 5.1. Effect Size and Estimated Sample Size of the Variables 
 

 Cohen’s d Estimated Sample Size 

Peak Flexion Torque (N·m) 0.18 383 

Peak Extension Torque (N·m) 0.15 551 

Average Trunk Rotation Torque (N·m) 1.12 11 

Trunk Flexion (seconds)  -0.20 310 

Trunk Extension (seconds) -0.01 123652 

Front Plank (seconds) 0.27 171 

Right Side Plank (seconds) 0.17 429 

Left Side Plank (seconds)  0.14 632 

Abbreviations: N·m, Newton·meters.  
Cohen’s d was calculated using means and standard deviations of the two groups.11 Estimated 
sample size was calculated using anticipated effect size (Cohen’s d), desired statistical power of 
0.8, and a probability level of 0.05.  
 

Table 5.2. Effect Size and Estimated Sample Size for Non-Parametric Variables 
 

 Cohen’s d Estimated Sample Size 

Sit-up Test 0.86 18 

Sitting-Rising Test 0.20 310 

Cohen’s d was calculated using Mann-Whitney-U test statistic.11 Estimated sample size was 
calculated using anticipated effect size (Cohen’s d), desired statistical power of 0.8, and a 
probability level of 0.05.  

  

Table 5.3. Post-hoc Power Analysis for Average Trunk Rotation Torque 
 

 Cohen’s d Confidence Interval (95%) 

Average Trunk Rotation Torque (N·m) 1.082 0.415 - 1.748 

Abbreviations: N·m, Newton-meters.  

Cohen’s d and r calculated using means and standard deviations of the two groups.11 

 

Table 5.4. Post-hoc Power Analysis for the Sit-up Test 
 

 Eta squared 

(η2) 

Cohen’s d 

Sit-up Test  0.156 0.861 

Effect size calculated from Mann-Whitney U-Test score.11 
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Potential participants were excluded if they had a history of: 1) more than one 

pregnancy and/or were pregnant, 2) had more than one child in during their first 

pregnancy, 3) any form of vulvovaginal pain, pelvic pain, prolapse, or incontinence prior 

to their pregnancy, 4) abdominal, gynecological or urological surgery prior to pregnancy, 

5) a neuromuscular or metabolic condition that could affect muscle contractility or 

lumbopelvic function, 6) respiratory dysfunction, 7) a lower limb pathology (e.g., 

fracture, surgery, neoplasm), or 8) low back pain prior to pregnancy (defined as a history 

of lumbopelvic, hip or thigh pain that was severe enough to interfere with work or 

recreation, or required medical attention).  

 Eligible participants completed a series of online questionnaires including the 

Roland-Morris Disability Questionnaire (RDQ).12 The RDQ is scored out of 24 where 0 

indicated no disability and a score of 24 indicated severe disability. The RDQ has been 

shown to have high construct validity when compared to pain rating scores,13 is easily 

understood by patients,14 and has been found to be a reproducible12,15 and a responsive 

questionnaire.15 The RDQ is an appropriate questionnaire to use when investigation 

populations with mild to moderate disability due to low back pain.16 Four numerical pain 

rating scales (NRS) were also used.17 The NRSs asked the participants to rate their worst 

pain in the past 24 hours separately for the abdomen, low back, upper-mid back, and 

pelvis or hips on a 0 -100 scale (0 indicated no pain, 100 indicated worse pain 

imaginable). The NRS is valid, reliable,17 and has demonstrated superior responsiveness 

and ease of use when compared to a visual analog scale.18 Demographic information (i.e., 

age, delivery mode, baby’s birth weight, breastfeeding status, education level, work 

status, and weekly minutes of moderate-vigorous physical activity) was obtained using 
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self-report and standard procedures were used to measure height, weight, and hip and 

waist circumference.  

5.3.2 Procedure 

A registered physiotherapist who was blinded to the participant’s DRA status at 

the time of testing performed the physical testing. To investigate the function of their 

abdominal muscles, participants performed three trials of the strength, endurance, and 

functional tasks described below.  

First, isometric trunk flexion and extension torque were tested using a custom 

portable dynamometer (IFLEXD); maximum peak torque efforts were captured during 

each five-second trial. The IFLEXD has excellent test-retest reliability (ICCs (3,1) > 0.973) 

and concurrent validity (R > 0.829) relative to a BiodexTM dynamometer.19 The IFLEXD 

force output signal was conditioned with an amplifier (Model 9243, Burster, Germany) 

and then sampled at 100Hz using a 12-bit Analog to Digital Conversion Card (USB-201, 

Measurement Computing Corporation, Norton, MA, USA). Using a custom LabVIEW 

2013® program (National Instruments, Austin, TX, USA), raw data were saved to a 

personal computer.  

Right and left trunk rotation torques were then measured using two Mark-10 

Series 5 digital force gauges (Mark-10 Corporation, Copiague, NY, USA). Resistance 

was provided at a standardized position on the forearm of the participant’s outstretched 

arms (45 cm from the acromion) and the contralateral thigh (35 cm from the greater 

trochanter). Each five-second contraction effort was ramped to the participant's maximum 

effort (Figure 5.1). Peak torque was calculated as peak force obtained multiplied by the 
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perpendicular distance of the point of application of the force to the center of rotation at 

the acromion, which was kept consistent between trials and participants at 0.45 m.  

Participants demonstrated no significant difference between left and right rotation, 

and therefore an average of the six measures of peak torque was calculated (3 trials of left 

rotation and 3 trials of right rotation) and retained for statistical analysis. Before initiating 

this study, it was important to assess the intra-rater reliability of this measurement. Intra-

rater test-retest reliability was computed using a convenience sample of ten women, and 

the Intra-class correlation coefficient (ICC3,1) was 0.985 or excellent. 

Next, participants performed the Sit-Up Test,9 which was scored on a scale from 

zero to three. A score of zero indicated the participant was unable to perform a sit-up; a 

score of one indicated the participant could perform a sit-up with their lower extremities 

straight (long lying position), with their ankles secured to the plinth and with their arms 

held at their sides (Task 1); a score of two indicated the participant could perform a sit-up 

in Task 1 and additionally with their hands held behind their head (Task 2); a score of 

three indicated that the participant could perform a sit-up with their hands behind their 

head, hips and knees flexed, and the soles of their feet on the plinth (hook lying position; 

Task 3)9 while their lower extremities were not restrained in any way. A sit-up was 

considered complete if the participant was, after rising from the dependent position, using 

a controlled manner, able to achieve a position in which their head, shoulders, and upper 

torso were in line and at a 40 degree angle from horizontal,9 and was able to hold the 

position for five seconds. A controlled manner was defined as a motion where accessory 

muscles, compensatory movements, and momentum were not used to achieve the 

position. The participants had three attempts at a task before the test was either 
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terminated (unsuccessful after three attempts) or progressed (successful completion of the 

task). Although this task has been used in the literature,9 the reliability of the task has not 

been tested. Therefore, our research group tested the intra and inter-rater reliability of 

scoring this task on a sample of 10 women prior to initiating this study. Our results 

suggested that intra-rater reliability (ICC3,1 = 0.938) and inter-rater reliability (ICC3,2 = 

0.832) were both excellent. 

The Sitting-Rising Test (SRT)10 then measured the participant’s ability to sit 

down, and then rise from the floor using as little support as possible. Participants were 

asked to begin by standing in bare feet and with a comfortable base of support. They 

were then asked to lower themselves to a seated position on the floor without leaning on 

anything or using their hands for assistance. Once on the floor, they were asked to stand 

back up, trying not to use support from their hands, knees, forearms or sides of their legs. 

A score out of 5 was given for the sitting phase and another score out of 5 was given for 

the rising phase. One point was subtracted from the total possible of 5 for each phase 

each time a support was used and/or if the evaluator observed an unsteady execution of 

the task or a loss of balance.10  An overall SRT score (0-10) was calculated by adding the 

sitting and rising scores together.10 The participants were given three attempts at the task 

and their best score was recorded. The SRT has been found to be reliable and 

reproducible between days and raters on a small sample of men and women.20  

Lastly, trunk endurance was assessed using five different tasks (flexion, 

extension, bilateral side planks, and a front plank). Electromagnetic sensors (Ascension 

Technologies, Burlington, VT, USA) were adhered to the participants’ thorax at the T2, 

T6, T12 and S1 vertebral levels and the data were used to calculate the amount of time (in 
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seconds) that each position was held. Using the motion sensor data, the time during 

which the participant held the test position in a steady state without any sensors moving 

more than two standard deviations away from their original steady-state position was 

deemed the endurance time for that task.  

Trunk flexor endurance (Figure 5.2) was measured as the amount of time a 

participant could hold a sit-up position with their trunk angled at 60 degrees from the 

horizontal while keeping their knees and hips flexed to 90 degrees and with their feet 

secured to the table by strapping.21  

Back extensor endurance (Figure 5.3) was tested using the Biering-Sorensen 

position.22 The participant’s hips were aligned with the edge of the table, and their pelvis, 

hips, and knees were secured to the table. Participants held their arms across their chest 

with their hands on opposite shoulders and were instructed to hold their body straight and 

parallel to the floor.22  

Right and left side plank endurance (Figure 5.4) were tested by having the 

participant lie on their side with their hips and knees extended with their feet placed one 

on top of the other. Participants were asked to lift their hips off the table using their 

forearm and dependent foot as points of support. Their top arm (uninvolved arm) was 

held across the chest with the hand placed on the opposite shoulder.21 For the front plank 

task (Figure 5.5), the participants were asked to lie prone and to lift their body off the 

table and attempt to maintain their torso and legs in a straight line, using their forearms 

and the balls of their feet as points of support. The lateral flexion, flexion and extension 

trunk endurance tests have been found to have high inter- and intra-rater reliability (ICCs 

(3,1) > 0.82).23  



 

 

74 

To prevent fatigue a two-minute rest was given between trials of maximum effort 

trunk flexion, extension, and rotation torque and between trials of the two functional 

tasks, the Sit-Up Test and the Sitting-Rising Test. A five-minute rest was given between 

endurance task trials to limit the influence of fatigue on the test outcomes.21  

 

 

Figure 5.1. Participant performing the trunk rotation task. 

 

 

 

 

 

 

 

Figure 5.2. Trunk flexion endurance task position. 
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Figure 5.3. Trunk extension endurance task position 

 

Figure 5.4. Side plank endurance task position 

 

Figure 5.5. Front plank endurance task position 
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5.3.3 Ultrasound Imaging  

 The ultrasound assessment was performed after the physical testing had been 

completed, to ensure the investigator was blinded to each participants’ DRA status at the 

time of the physical assessment, where such knowledge may have biased testing 

outcomes. The ultrasound assessment was performed by a registered physiotherapist with 

formal post-graduate training in musculoskeletal ultrasound imaging (USI) and more than 

100 hours of clinical and research experience using USI to evaluate the abdominal 

musculature. A General Electric Voluson-i ultrasound system (GE Healthcare, 

Mississauga, ON, Canada) was used, and static two-dimensional images were recorded in 

B-Mode using a 10-Megahertz linear transducer with a 53 mm width (Model 9L-RS). 

Images were captured with the transducer centered between the rectus abdominal heads, 

along the LA, at three specific spots on the anterior abdominal wall at; the superior 

border of the umbilicus, three cm above the umbilicus and five cm above the umbilicus.24 

Images of the LA were taken at levels above the umbilicus as previous research has 

found USI measurements to be reliable 24,25 and valid 26 at these locations and less 

reliable24,25 and valid26 below the umbilicus. Three images were captured at rest at each 

location with the participant in a standardized supine position with knees and hips flexed 

and arms positioned at their sides.27    

5.3.4 Classification of DRA  

IRDs were measured off-line using Image J v1.46r software (National Institutes of 

Health, Bethesda, USA). IRD, the linear distance between the posterior-medial fascial 

borders of each RA head,20 was measured at each measurement site. We then used a 

DRA classification system that was based on previous research, where normative IRD 
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was defined for nulliparous women as being less than 2.2 cm at 3 cm above the 

umbilicus.3 For a participant to be allocated to the DRA cohort they had to meet the 

following criteria: 1) an IRD greater than 2.2 cm at the site 3 cm above the umbilicus as 

well as, at a minimum, at least one other measurement site, and 2) the mean IRD 

(calculated as an average of the three measures taken at each of the three locations) 

greater than 2.0 cm.  

5.3.5 Data Analysis and Statistics  

 Isometric flexion, extension outcomes were recorded as the mean of the peak 

torque values determined from the three trials of each task performed. Trunk rotation 

torque was recorded as the mean from six trials; three from left rotation and three from 

right rotation. The mean endurance time recorded across the three trials of each 

endurance task was also determined.  

Data analysis was completed using SPSS version 24 (Chicago, IL, USA). Data 

were first tested for normality using the Shapiro-Wilks tests. All data were normally 

distributed except for trunk extension peak torque and trunk extension endurance. 

Women with and without DRA were compared using independent samples t-tests 

(normal data), Kruskal-Wallis H tests (non-normal data) and Chi-Square Fisher’s Exact 

Test (nominal distribution) as appropriate. Associations between mean IRD and variables 

in which significant differences were found between cohorts were determined using 

Pearson’s product-moment correlation coefficients (normal d), and Spearman rank 

correlation coefficients (non-normal data). In all statistical tests alpha was set to 0.05. 
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5.4 Results  

 Forty primiparous women (mean ± SD, 31.5 ± 4.1 years) were recruited and 

participated in this study and complete data sets were acquired from all 40 women. The 

participants’ demographic characteristics are presented in Table 5.5. Baby’s weight at 

birth was the only demographic variable that was significantly different between the two 

cohorts: women with DRA at one-year postpartum had delivered heavier babies (p = 

0.009) than those without DRA. The DRA group had a mean IRD of 2.5 (0.4) cm, and the 

non-DRA group had a mean IRD of 1.4 (0.4) cm. IRD values are reported in Table 5.6.  

The results for the muscle torque and endurance tests are summarized in Table 

5.7. Trunk rotation torque was the only test that was found to be statistically different 

between the two cohorts of women. Women with DRA demonstrated lower trunk muscle 

rotation torque when compared to women without DRA (p = 0.004).  

The results of the functional tests and perceived pain and dysfunction are 

summarized in Table 5.8 and Table. 5.9. Women with DRA achieved lower scores on the 

Sit-Up Test compared to women without DRA (p = 0.024). Self-reported low back, 

pelvis and abdominal pain and self-reported dysfunction due to low back pain did not 

significantly differ between women with and without DRA. Yet, self-reported upper-mid 

back pain approached significance (p = 0.066) with women with DRA trending towards 

reporting more pain than women without DRA.  

The correlation analyses of significant variables revealed that IRD was positively 

associated with the weight of the baby at birth (r = 0.466, p = 0.002) and that IRD was 

negatively associated with trunk rotation torque (r = -0.367, p = 0.02) and ability to 
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perform a sit-up (r = -0.514, p = 0.0007); larger IRDs were associated with worse 

performance on both tasks.  

Table 5.5. Demographic characteristics of primiparous women with (n=18) and 

without diastasis recti abdominis (DRA) (n=22). 
 

Variable DRA  

(n=18) 

No DRA  

(n=22) 

Age (in years)  31.9 ± 3.6 31.2 ± 4.5 

Height (cm)  165.5 ± 6.3 166.1 ± 6.1 

Weight (kg)  68.4 ± 14.6 66.7 ±12.5 

BMI (kg/m2)  25.1 ± 5.6 24.1 ± 3.9 

Waist to Hip Ratio  0.81 ± 0.1 0.79 ± 0.1 

Baby’s birth weight (kg) 3.6 ± 0.4 3.2 ± 0.5* 

Delivery Mode   

- Vaginal  14 (77.8%) 17 (77.3%) 

- C-section  4 (22.2%) 5 (22.7%) 

Weeks since delivery  56 ± 4 55 ± 4.5 

Currently Breast Feeding    

- Yes  9 (50.0%) 9 (40.9%) 

- No  9 (50.0%) 13 (59.1%) 

Education Level   

- High school diploma  1 (5.6%) 1 (4.6%) 

- College diploma  4 (22.2%) 6 (27.3%) 

- University bachelor degree  6 (33.3%) 10 (45.5%) 

- University master degree or higher  7 (38.9%) 5 (22.6%) 

Work Status    

- Not working  4 (22.2%) 9 (40.9%) 

- Part-time  4 (22.2%) 4 (18.2%) 

- Full-time  10 (55.6%) 9 (40.9%) 

Minutes of Moderate-Vigorous Physical 

Activity per week 

101.3 ± 79.0 151.1 ± 125.9 

Abbreviations: DRA, diastasis recti abdominis; BMI, body mass index. Data are mean ± standard 

deviation (SD) or Numbers with percentages (%). Independent t-test (p < 0.05), Kruskal-Wallis H 
tests and Chi-Square Fisher’s Exact Test were performed on all variables as appropriate, with 
significant differences between cohorts indicated with an asterisk (*). 
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Table 5.6. Inter-rectus distances (IRD) in primiparous women at 12-14 months 

postpartum 

 

 DRA 

(n=18) 

No DRA 

(n=22) 

p-value 

IRD at the superior border of the umbilicus 

(cm)  

2.7 ± 0.4 1.6 ± 0.5 <0.001* 

IRD 3 cm above the superior border of the 

umbilicus (cm) 

2.6 ± 0.4 1.4 ± 0.4 <0.001* 

IRD 5 cm above the superior border of the 

umbilicus (cm) 

2.2 ± 0.6 1.3 ± 0.6 <0.001* 

Overall average IRD (cm) 2.5 ± 0.4 1.4 ± 0.4 <0.001* 

Abbreviations: DRA, diastasis recti abdominis; IRD, Inter-rectus distance. Data are mean ± 
standard deviation (SD) 
Independent t-tests (p<0.05) were performed on all variables with significant differences between 
cohorts indicated with an asterisk (*). 
 

 

 

Table 5.7. Difference in trunk torque and endurance between women with and 

without diastasis recti abdominis (DRA). 
 

 DRA 

(n=18) 

 No DRA 

(n=22) 

p-value 

Peak Flexion Torque (N·m) 67.2 ± 22.5  63.7 ± 15.1 0.563 

Peak Extension Torque (N·m) 93.7 ± 53.1  86.8 ± 31.2 0.751 

Mean Trunk Rotation Torque (N·m) 37.0 ± 3.6  45.3 ± 9.8 0.004* 

Trunk Flexion (seconds)  193.5 ± 119.3  171.7 ± 93.4 0.52 

Trunk Extension (seconds)  62.6 ± 30.9  62.1 ± 45.0 0.966 

Front Plank (seconds) 44.6 ± 26.4  51.9 ± 26.7 0.394 

Right Side Plank (seconds) 33.6 ± 20.0  36.9 ± 18.3 0.590 

Left Side Plank (seconds)  39.1 ± 21.2  42.2 ± 22.2 0.663 
Abbreviations: DRA, diastasis recti abdominis; N·m, Newton·meters.  
Data are mean ± standard deviation (SD) 
Independent t-test were performed at the significance level of 0.05 on all normally distributed 
variables and significant differences between cohorts indicated by *. Kruskal-Wallis H test were 

performed at the significance level of 0.05 on non-normally distributed variables.  
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Table 5.8. Functional test scores compared between women with and without 

diastasis recti abdominis (DRA). 

 

 DRA 

(n=18) 

No DRA 

(n=22) 

p-value 

Sitting to Rising Test 9.5 (8-10) 9 (8-10) 0.545 

Sit-up Test  2 (1-2) 3 (2-3) 0.024† 
Abbreviations: DRA, diastasis recti abdominis.  
Median Scores with Interquartile ranges  
Mann-Whitney U-Test were performed at the significance level of 0.05, with significant 
differences between cohorts indicated by † 
 

 

Table 5.9. Self-reported pain and dysfunction compared between women with and 

without diastasis recti abdominis (DRA). 
 

 DRA 

(n=18) 

No DRA 

(n=22) 

p-value 

Roland-Morris Disability Questionnaire 

Score 

1 (1-2) 0 (0-1) 0.219 

Worst Abdominal Pain in past 24 hours 0 (0-6) 0 (0-1) 0.352 

Worst Upper-mid Back Pain in past 24 

hours 

8 (0-18) 0 (0-5) 0.066 

Worst Low Back Pain in past 24 hours 6 (0-11) 7 (0-26) 0.904 

Worst Pelvis and Hip Pain in past 24 

hours 

0 (0-4)  0 (0-11) 0.441 

Abbreviations: DRA, diastasis recti abdominis.  

Median Scores with Interquartile ranges  
Mann-Whitney U-Test were performed at the significance level of 0.05. 
 

5.5 Discussion  

To our knowledge, the present study is the first to investigate the impact of DRA 

on trunk muscle strength and endurance in primiparous women at one-year postpartum. 

The women who presented with DRA had a lower capacity to generate trunk rotation 

torque than women without DRA. Further, the women with DRA performed worse on the 

Sit-Up test when compared women without DRA. Concurrently and consistently, we 

found significant, moderate, and negative correlations between IRD and trunk rotation 

peak torque-generating capacity, and between IRD and Sit-Up Test scores. 
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5.5.1 Trunk Muscle Strength, Endurance, and Functional Task Performance 

The results of this study build on the limited research exploring the influence of 

DRA on impairment and function in women and show that an association between IRD 

and trunk rotation strength persists at the end of the first postpartum year. Our findings 

are similar to those reported by Liaw and colleagues5 who found IRD to have a moderate 

and negative correlation with trunk rotation strength in women at six months 

postpartum.5 However, the methods used to assess trunk muscle rotation strength in the 

present study are significantly different from those used by Liaw and colleagues,5 which 

makes a closer comparison between these two studies difficult. Liaw and colleagues5 

used a manual muscle testing technique to quantify trunk strength and, although this 

measurement is used clinically,5 this assessment of strength is subjective and imprecise. 

Therefore, the approach used to measure trunk rotation torque in the present study may 

have achieved more precise results.  

A woman’s ability to perform a sit-up also appears to be impacted by whether or 

not she has DRA and by the extent of the IRD. A reduced capacity to perform a sit-up has 

also been reported among women during pregnancy and at eight weeks postpartum.1 

Interestingly, despite this finding, we did not find a significant effect of DRA on 

isometric trunk flexion torque-generating capacity when measured using the IFLEXD. 

The IFLEXD tests trunk flexion strength in isolation; that is, the lumbopelvis is stabilized 

by the sitting position and strapping, and thus participants did not need to use synergists 

to stabilize their lumbopelvis during the task. This result suggests that the force 

generating capacity of the rectus abdominis muscles remains intact in women with DRA, 

while functional movements involving trunk flexion (i.e., a sit-up) may be affected 
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through women’s inability to stabilize their lumbopelvis during the task. Using a manual 

muscle test that is similar to our sit-up test, Liaw and colleagues5 found no significant 

correlation between trunk flexor strength and IRD, yet there was a trend that was similar 

to our result (rho = -0.34, p = 0.064).  

Both trunk flexor endurance tasks used in the current study were static, and both 

required activation of the rectus abdominis muscle as well as some degree of concurrent 

stabilization of the lumbopelvis. It was somewhat surprising that we did not detect any 

differences in the trunk flexion or lateral flexion endurance task performance between 

women with and without DRA. Liaw and colleagues5 found significant negative 

correlations between IRD and both static (rho =  -0.42, p = 0.020) and dynamic (rho = -

0.36, p = 0.049) endurance tasks based on a curl-up position (i.e., head and scapulae lift 

off the plinth). It appears that the ability to stabilize the lumbopelvis may be particularly 

impaired during the trunk curl-up motion when the muscles of the lateral abdominal wall 

must initially contract, and less so once women approach a full sit-up position. It also 

appears that once the static position is achieved, the endurance of the trunk muscles is not 

impaired to any significant extent. As such, the impairments seen in women with DRA 

seem to be quite specific to the position and the task. The differences in study results 

among recent studies may reflect the variances in the gravitational force vector 

experienced by women during the tasks. For example, gravitational force has a larger 

impact on the amount of trunk flexion force required to move into trunk flexion during 

the early phase of a sit-up task (i.e., curl-up) compared to the later phases of the task. As 

such, deficiencies in the capacity of the LA to transmit forces generated by the muscles of 

the lateral abdominal wall may be more evident during a semi-curl-up than during a static 
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hold at 60 degrees of trunk flexion. The difference in the gravitational force vector may 

also explain why we were able to detect differences between women with and without 

DRA using the Sit-Up Test but not during the Sitting-Rising-Test.  

Future research is needed to explore the impact of DRA on dynamic flexion, 

rotation, and lateral flexion task performance in various positions before any firm 

conclusions can be drawn. 

5.5.2 Inter-rectus Distance  

The literature suggests that DRA is present when IRD is greater than 2 cm at the 

level of the umbilicus.4  However a clear criteria to define DRA does not exist in the 

literature.28,29 We proposed a criteria to define DRA based on normative values reported 

for nulliparous women.3 These criteria generated a clear separation between the women 

who did and did not have DRA, where the mean IRD differed significantly between 

cohorts overall and across each of the three measurement sites. 

5.5.3 Lumbopelvic Pain 

Researchers have hypothesized that DRA is associated with lumbopelvic pain2,30–

32 but this association has not been firmly established in the literature.8 In fact, most 

studies have found no association between self-reported pain and DRA.6,33 Most studies 

have, however, focused on studying women in the early postpartum period and have 

focused on low back pain.5,6 The results of our study apply beyond the postpartum year, 

yet still suggest that self-reported low back, pelvis and abdominal pain, and self-reported 

dysfunction due to low back pain do not differ between women with and without DRA. 

Despite differences in the approach to stratifying women, our results are also comparable 

to those recently reported by Sperstad and colleagues8 who found no difference in self-



 

 

85 

reported pain between women with and without DRA, assessed using palpation, at one-

year postpartum.8 These results are also in agreement with previous studies that found no 

association between DRA and low back or pelvic pain.6,8,33 We found a trend towards 

self-reported upper-mid-back pain being higher among the women with DRA compared 

to those without DRA (p = 0.066) which may be of interest in future work. Future 

research should also explore if there is an association between mid-back pain and trunk 

rotation torque in postpartum women.  

5.5.4 Limitations 

The present study is not without limitations. Because of the cross-sectional and 

prospective nature of this study, the IRDs in our DRA cohort may be considered to be 

“mild” by clinical standards.8,34 As such, the results of this study may not be 

generalizable to women who present with larger IRDs at one-year postpartum, or to 

parous women who have DRA that persists for several years. Secondly, we only explored 

DRA and IRD in primiparous women; future studies are needed to explore if similar 

relationships between rotational torque and sit-up ability exist in multiparous or older 

women with longstanding DRA. Finally, researchers have theorized that IRD may not be 

the best measure when characterizing the changes that occur to abdominal musculature 

after pregnancy and that other measures that reflect the capacity of the LA to transmit 

forces generated by the muscles of the lateral abdominal wall may be more appropriate.27 

Based on the findings of this study, such measures warrant development to better assess 

the biomechanical function of the linea alba. Future studies should explore tasks that 

challenge lumbopelvic stability and involve movement through a larger range of trunk 

flexion and rotation. 
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5.6 Conclusion  

 The presence of mild DRA in primiparous women at one-year postpartum appears 

to be associated with trunk rotation torque generating capacity and the ability to perform 

a sit-up. However, these impairments do not seem to be associated with self-reported pain 

or dysfunction when measured using self-report questionnaires. Future research should 

continue to build on the results of the present study by exploring the relationship between 

abdominal strength, endurance, and pain in women (both primiparous and multiparous) 

with moderate, severe, or longstanding DRA.  
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Distortion index as a measure of diastasis recti abdominis 

severity: a secondary analysis 

6.1 Abstract 

Measurement of inter-rectus distance (IRD) through transabdominal ultrasound imaging 

is the recommended measurement tool used to determine the presence of diastasis recti 

(DRA). However, IRD may not be associated with the functional capacity of the linea 

alba (LA). A distortion index (DI) has been proposed as a measure that estimates the 

capacity of the LA to stiffen in order to transmit loads and may be more relevant than 

IRD to the functional capacity of women with DRA. The objective of this study was to 

investigate the relationship between IRD and DI in primiparous women one year after 

childbirth, and the associations between DI and trunk strength, endurance functional task 

performance, symptom severity, and self-reported disability due to low back pain. Forty 

primiparous women who were between 12 and 14 months postpartum participated in this 

study. The relationship between IRD and DI was evaluated using linear regression 

analysis. The associations between both DI and IRD and demographic characteristics, 

strength, endurance, clinical test scores, levels of dysfunction, and self-reported pain 

scores were computed using Spearman’s rank correlation coefficients and Pearson’s 

product-moment correlation coefficients as appropriate; α = 0.05 was used for all tests. 

There was a significant moderate association between IRD and DI (R2 = 0.481, p < 0.05). 

DI during a semi-curl up was negatively associated with maximal trunk rotation torque (rs 

= -0.384, p = 0.015) and with a woman’s ability to perform a sit-up (rs = -0.461, p = 

0.003). However, the strength of these correlations was not different from those found 
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between IRD and these same outcomes. Neither IRD nor DI was associated with self-

reported pain or dysfunction. Therefore, in primiparous women with relatively no DRA 

and those with IRD as large as 2.8 cm, the magnitude of the DI does not appear to add to 

our understanding of the functional impacts of DRA.  

6.2 Introduction  

Throughout a woman’s pregnancy, the linea alba (the fascia between the rectus 

abdominis heads) must soften and expand to accommodate the growing fetus.1 Separation 

of the rectus abdominis heads is referred to as diastasis recti abdominis (DRA). DRA is 

pervasive in women by the end of the third trimester of pregnancy and can persist in 

some women in the postpartum period.2 In a large proportion of affected women, DRA 

does not appear to resolve by the end of the first postpartum year3 and the health impacts 

of DRA are largely unknown. There have been suggestions that DRA may be linked to 

lumbopelvic and abdominal pain4 and dysfunction,5 yet the literature is not consistent.6–8  

When investigating the changes that occur at the linea alba (LA) during and after 

pregnancy, researchers have focused on measurement of the inter-rectus distance 

(IRD)3,4,9–11 as a reflection of the extent of strain at the LA. Because in nulliparous 

women the 90th percentile IRD is 2.2 cm at 3 cm above the umbilicus,12 it has therefore 

been proposed that an IRD greater than 2.2 cm at this level should be considered 

abnormal and referred to as DRA.12,13  

The LA is composed of a highly structured meshwork of collagen that extends 

from the xiphoid process to the pubic symphysis and is formed by the interlacing 

aponeurotic fibers of the transverse abdominis, the internal obliques and external 

obliques.14 This complex structure of the abdominal wall is essential for lumbopelvic 
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function as it allows for the transfer of forces across the midline by creating fascial 

tension.15,16 Reducing the IRD in women with DRA has become a common goal in 

clinical practice.5 However, there is still a debate in the literature on how and why IRD is 

relevant to physical function.6,17–20 

Lee & Hodges20 recently proposed that the ability of the LA to transmit force 

across midline may be more functionally relevant in women with DRA than the IRD.20 

Lee & Hodges20 suggested that an increase in IRD during task performance may 

positively influence functional stability by tensioning the LA,20 thus improving its 

capacity to support the contents of the abdomen21 and to transfer forces across the 

midline.22 If the LA deforms during movements that require tension, this may indicate 

that the forces generated by the lateral abdominal muscles are not being transferred 

across the midline, and trunk force-generating capacity and lumbopelvic stability may 

consequently be less than optimal. Based on this hypothesis, Lee & Hodges20 developed 

the distortion index (DI) that they postulated to reflect the capacity of the LA to transfer 

tension across the midline.20  

The distortion index (DI) is defined as the area of the region bounded by the LA, 

divided by the length of the shortest line drawn between the medial borders of the most 

medial aspects of the bilateral heads of the rectus abdominis muscle (Figure 6.1).20 Lee 

and Hodges20 postulated that a low DI value (optimally zero) is associated with a LA that 

can transmit tensile forces, whereas a high DI value reflects (they reported values up to 

0.14 at the umbilicus) deformation of the LA under loading and thus an inability to 

transfer forces. In a cohort of women with DRA, Lee and Hodges20 showed that IRD and 

DI were moderately correlated but that the relationship was not strong. When they 
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compared women with DRA to (predominantly nulliparous) women and men without 

DRA, they found that there was significantly more distortion of the LA during a semi-

curl-up maneuver among women with DRA. The relationship between IRD and DI has 

not been tested prospectively, and the association between the magnitude of DI and trunk 

strength, endurance, pain, or dysfunction have not been evaluated.   

This study involves a secondary analysis of data that were acquired to investigate 

whether or not primiparous women who presented with DRA at one-year postpartum 

demonstrated impairments of trunk muscle strength or endurance, pain or functional 

deficits. In this analysis we aimed to investigate: 1) the relationship between IRD and DI; 

2) if DI values computed from ultrasound images acquired during a semi curl-up are 

associated with trunk muscle strength, endurance and/or self-reported symptoms or 

dysfunction; 3) if the DI adds to the predictive capacity of IRD in determining  trunk 

muscle strength and endurance and/or self-reported symptoms or dysfunction .  

6.3 Methods  

This is a secondary analysis of an existing dataset. The study was found to 

comply with the standards for the ethical conduct of research by the Queen’s University 

Health Sciences Research and Ethics Board (REH-636-15), and all volunteers provided 

written informed consent before participating.  

6.3.1 Participants  

Forty primiparous women were recruited in the Kingston, Ontario community 

using flyers posted in the community, on local social media mother groups and through 

word of mouth. At the time of recruitment, participants were approaching the end of their 

first postpartum year. Potential participants were excluded if they had a history of: 1) 
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more than one pregnancy and/or were pregnant, 2) any form of vulvovaginal pain, pelvic 

pain, prolapse, or incontinence prior to their pregnancy, 3) abdominal, gynecological or 

urological surgery prior to pregnancy, 4) a neuromuscular or metabolic condition that 

could affect muscle contractility or lumbopelvic function, 5) respiratory dysfunction, 6) a 

lower limb pathology (e.g., fracture, surgery, neoplasm), or 7) chronic low back pain 

prior to pregnancy (defined as a history of lumbopelvic, hip, or thigh pain that was severe 

enough to interfere with work or recreation, or required medical attention). 

6.3.2 Procedure 

Demographic information (i.e., age, weight, height, body mass index, hip and 

waist, baby’s birth weight, and weekly minutes of moderate-vigorous physical activity) 

was obtained using self-report and standard procedures. Participants completed a series of 

online questionnaires including the Roland-Morris Disability Questionnaire (RDQ)23 and 

four numerical pain rating scales (NRS)24 which asked them to rate their worst pain in the 

past 24 hours separately for the abdomen, low back, upper-mid back, and pelvis and/or 

hips. 

The methods presented in Chapter 5 were used to collect the data presented in this 

study. A registered physiotherapist who was blinded to participants’ DRA status 

performed the physical testing. To investigate the function of the abdominal muscles, 

participants completed a series of strength and endurance tasks. Three trials of maximal 

isometric trunk strength (flexion, extension, and rotation); endurance (flexion, extension, 

side-flexion, and front plank) and two functional  (the Sit-up Test and the Sitting-Rising 

Test) tasks were completed. A two-minute rest was given between subsequent trials of 

maximum effort trunk torque generating capacity and the two functional tasks, the Sit-Up 



 

 

95 

Test and the Sitting-Rising Test (SRT). A five-minute rest was given between endurance 

task trials to limit the influence of fatigue on the test outcomes.25  

6.3.3 Ultrasound Imaging  

 After the physical testing had been completed, an ultrasound assessment was 

performed by a registered physiotherapist with formal post-graduate training in 

musculoskeletal ultrasound imaging (USI) and more than 100 hours of clinical and 

research experience using USI to evaluate the abdominal musculature. A General Electric 

Voluson-i ultrasound system (GE Healthcare, Mississauga, ON, Canada) was used, and 

static two-dimensional images were acquired in B-Mode using a 10-Megahertz linear 

transducer with a 53 mm width (Model 9L-RS). Images were captured with the 

transducer centered between the RA heads, along the LA, at three specific spots on the 

anterior abdominal wall: the superior border of the umbilicus, three centimeters (cm) 

above the umbilicus, and five cm above the umbilicus.26 Research has found USI 

measurements to be reliable26–28 and valid29 at these locations and less reliable26,27 and 

valid29 below the umbilicus. Three images were captured at rest and during a semi-curl 

up at each location with the participant in a standardized crook-lying position with knees 

and hips flexed and arms positioned at their sides.20 

6.3.4 Data Analysis and Statistics  

 IRD was measured off-line using Image J v1.46r software (National Institutes of 

Health, Bethesda, USA). The IRD was defined as the linear distance between the 

posterior-medial fascial borders of each RA head30 and was measured for each of the 

three images captured at each measurement site both at rest and while the woman held 

the semi-curl-up position. Based on Beer and colleagues,12 we defined DRA by the mean 
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of three IRD measures at 3 cm above the umbilicus being greater 2.2 cm.12  The mean DI 

was calculated from the semi-curl up images recorded at each of the three measurement 

sites, and was used in the statistical analyses. In the image analysis to generate DI values, 

the medial edges of the RA heads, (same location of the IRD measurements) were 

identified and the shortest path between the two RA heads was measured. The actual path 

of the linea alba was then traced and the area bounded by the LA, and the shortest path 

between the two RA heads was measured using the area trace tool in Image J v1.46r 

software (National Institutes of Health, Bethesda, USA). The DI was calculated by 

dividing this area by the IRD (Figure 6.1).20 

Data analysis was completed using SPSS version 24 (Chicago, IL, USA). Values 

of DI during the semi-curl-up were compared between women with and without DRA at 

each measurement site using the Mann-Whitney-U test (p < 0.05). Linear regression 

analysis was used to investigate the relationship between IRD and DI. The associations 

between DI and strength, endurance, clinical test scores, levels of dysfunction and self-

reported pain scores were computed using Spearman’s rank correlation coefficients and 

Pearson’s product-moment correlation coefficients as appropriate. Where significant 

associations were found between both DI and IRD and clinical outcomes, these 

associations were tested using the Fisher r-to-z transformation to see if there was a 

statistical difference between the correlation coefficients. Separate regression analyses of 

covariance (ANCOVAs) were performed on each primary outcome to investigate the 

impact of IRD, DI, as well as the interaction between IRD and DI on each outcome. 

Alpha was set to 0.05 for all tests; due to the explorative nature of this study we did not 

adjust our alpha despite performing multiple regressions.  
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Figure 6.1. Measurement of distortion index during a semi-curl-up. Ultrasound image 

(top), line drawing of an ultrasound image with DI measurement (middle), and ultrasound 

image with DI measurements (bottom).The distortion index is the area of the region 

bounded by the linea alba (bounded area) divided by the length of the shortest path drawn 

between the medial borders of the two heads of the rectus abdominis muscle.20 

Abbreviations: RA, rectus abdominis; LA, linea alba. 
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6.4 Results  

Forty primiparous women participated in this study. The participants’ demographic 

characteristics are presented in Table 6.1. Baby’s weight at birth was the only 

demographic variable that was significantly different between the two cohorts; the 

women with DRA at one-year postpartum delivered heavier babies (p = 0.009) than those 

without DRA. When compared to women without DRA, the women with DRA had 

significantly larger DIs during the semi-curl up (median (interquartile range; IQR); DRA 

cohort = 0.062 (0.039 – 0.101) cm; control group = 0.018 (0.010 – 0.038) cm; Table 6.2).  

A strong positive linear relationship between IRD and DI was found during a semi 

curl-up when measurements were taken at the superior border of the umbilicus (y = 0.28 

+ 0.79x, R2 = 0.808, p < 0.05). The relationships between IRD and DI were moderate at 3 

cm (y = -0.03 + 0.04x, R2 = 0.435, p < 0.05) and at 5 cm above the umbilicus (y = -0.03 + 

0.04x, R2 = 0.336, p < 0.05). When a mean of the IRD and DI values across all three 

measurement sites was used in the regression analysis, a moderate correlation between 

IRD and DI was present ((y = -0.04 + 0.04x, R2 = 0.481, p < 0.05); Figure 6.2). 

DI was moderately negatively associated with average trunk rotation torque 

generating capacity (rs = -0.384, p = 0.015; Table 6.3) and with a woman’s ability to 

perform a sit-up (rs = -0.461, p = 0.003; Table 6.4); larger DI values were associated with 

worse performance on both tasks. No other measure, for example, trunk flexion or 

extension torque-generating capacity, trunk muscle endurance, or self-reported pain or 

dysfunction were associated with DI (Tables 6.3-6.5). The strength of the associations 

between DI and average trunk rotation and sit-up test performance were comparable to 

those previously found with measurements of IRD. The associations between IRD and 
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trunk rotation torque and DI and trunk rotation torque were not significantly different (z = 

0.085, p = 0.466). Similarly, associations between IRD and the ability to perform a sit-up 

and DI and the ability to perform a sit-up were not significantly different (z = -0.299, p = 

0.382).  

The results of the regression analyses suggested that an interaction between IRD 

and DI was not significant in predicting the sit-up test outcome (p = 0.237) nor trunk 

rotation force (p = 0.947). Neither DI nor IRD were significant predictors of sit-up test 

score (p = 0.390; p = 0.127 respectively) nor maximum trunk rotation torque (p = 0.867; 

p = 0.723 respectively). When the interaction between IRD and DI was removed from the 

model, IRD became a significant predictor of sit-up test score (p = 0.001) and trunk 

rotation performance (p = 0.02), where it accounted for 23.3% and 11.2% of the variance 

in the sit-up test scores and the trunk rotation force, respectively. In the absence of IRD, 

DI was a significantly predictor of Sit-up test score (p = 0.023; Adjusted R2 = 0.105) and 

approached significance as a predictor of trunk rotation torque (p = 0.075, Adjusted R2 = 

0.057). The results for the ANCOVAs are displayed in Tables 6.6-6.13. 
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Table 6.1. Demographic characteristics of primiparous women with (n=18) and 

without diastasis recti abdominis (DRA) (n=22). 

 
Variable DRA 

(n=18) 
No DRA 

(n=22) 

Age (years) 31 (29-35) 31 (28-35) 

Height (cm) 163.8 (161.9-170.2) 165 (161.9-168.0) 
Weight (kg) 66.6 (59.2-71.0) 63.6 (55.1-76.3) 
BMI (kg/m2) 24.4 (21.6-26.3) 24.2 (20.8-26.4) 
Baby’s birth weight (kg) 3.6 (3.3-4.2) 3.2 (2.8-3.5) * 

Weeks since delivery of first (only) child 55 (54-58) 54.5 (51.5-58) 
Minutes of Moderate-Vigorous Physical 
Activity per week 

95 (37.5-152.5) 150.0 (22.5-247.5) 

Abbreviations: BMI, body mass index; DRA, diastasis recti abdominis. DRA is defined as a mean 
IRD at 3 cm above the umbilicus which is greater than 2.2 cm. Data are presented as a median 
and Interquartile range (IQR). Mann-Whitney-U tests were performed at α=0.05. *denotes a 

significant difference. 

 

 

Table 6.2. Distortion Index (DI) during a semi-curl up compared between women 

with and without diastasis recti abdominis (DRA). 

 
Measure during an 

Semi-curl-up 
DRA 

(n=18) 
No DRA 

(n=22) 
p-value 

DI at the superior border of the 
umbilicus 

0.055 (0.036 - 0.108) 0.021 (0.013 - 0.051) 0.002* 

DI 3 cm above the superior 
border of the umbilicus 

0.069 (0.042 - 0.110) 0.013 (0.009 - 0.031) <0.0005* 

DI 5 cm above the superior 
border of the umbilicus 

0.030 (0.015 - 0.142) 0.012 (0.000 - 0.030) 0.001* 

Overall average DI 

 

0.062 (0.039 - 0.101) 0.018 (0.010 - 0.038) <0.0005* 

Abbreviations: DI, Distortion index; DRA, diastasis recti abdominis. DRA is defined as a mean 
IRD at 3 cm above the umbilicus which is greater than 2.2 cm 
Data are median Scores with Interquartile ranges 
Mann-Whitney-U tests were performed at the significance level of 0.05. * denotes a significant 

difference between women with and without DRA 
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Figure 6.2. Correlation between rest inter-rectus distance and distortion index during the 

semi curl-up at three measurement sites along the linea alba and as a mean of all 

measurement sites in women with DRA (black dots) and without DRA (white dots). 

Abbreviations: IRD, inter-rectus distance; DI, distortion index; DRA, diastasis recti 

abdominis. 
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Table 6.3. Spearman’s Correlation results for distortion index and torque and functional test measures in primiparous 

women (n=40)  
DI at 
3U 

DI at 
5U 

Overall 
mean 
DI 

Peak 
Flexion 
Torque 

Peak 
Extension 
Torque  

Mean 
trunk 
rotation 

torque  

Flexion 
Endurance 

Extension 
Endurance 

Right 
plank 
endurance 

Left plank 
endurance 

Front 
plank 
endurance  

DI at 

SU 

.602** .400* .749** -0.219 -0.201 -0.262 0.062 0.045 -0.060 -0.052 -0.090 

DI at 

3U 

 
.704** .929** -0.021 -0.150 -0.300 0.079 -0.117 -0.253 -0.185 -0.193 

DI at 

5U 

  
.746** -0.086 -0.285 -0.283 0.003 -0.093 -0.225 -0.092 -0.140 

Mean 

DI 

   
-0.095 -0.188 -.331* 0.025 -0.128 -0.254 -0.162 -0.197 

 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). 

Abbreviations: DI, distortion index; SU, superior border of the umbilicus; 3U, 3 cm above the border of the umbilicus; 5U, 5 

cm above the border of the umbilicus  
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Table 6.4. Spearman’s Correlation results for distortion index and functional test measures in primiparous women 

(n=40) 

  
DI at 3U DI at 5U Overall 

mean DI 

Sit-up Test 

Score 

Sitting to Rising 

Test Score 

DI at SU .602** .400* .749** -.373* 0.017 

DI at 3U 
 

.704** .929** -0.281 -0.119 

DI at 5U 
  

.746** -0.230 -0.154 

Mean DI 
   

-.365* -0.071 

 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). 

Abbreviations: DI, distortion index; SU, superior border of the umbilicus; 3U, 3 cm above the border of the umbilicus; 5U, 5 

cm above the border of the umbilicus  

 
Table 6.5. Spearman’s Correlation results for distortion index and self-report pain and dysfunction scores in primiparous women 

(n=40)  
DI at 5U Overall 

mean DI 

Abdominal 

Pain 

Low Back 

Pain 

Mid-Back 

Pain 

Pelvis-

Hip Pain 

RDQ 

Score 

DI at SU .400* .749** 0.118 0.033 -0.213 -0.117 0.085 

DI at 3U .704** .929** 0.172 0.059 0.074 0.060 0.18 

DI at 5U 
 

.746** 0.083 0.097 0.238 0.017 -0.003 

Overall mean DI 
  

0.183 0.021 -0.020 0.000 0.86 

 

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed). 

Abbreviations: DI, distortion index; SU, superior border of the umbilicus; 3U, 3 cm above the border of the umbilicus; 5U, 5 

cm above the border of the umbilicus, RDQ, Roland-Morris Disability Questionnaire.  
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Table 6.6. ANCOVA test for the Sit-up Test  
Source  df Adjusted Mean Square  F  p-value  

Mean IRD 1 1.5042 3.20 0.082 
Mean DI  1 0.7305 1.56 0.220 
Interaction between IRD 
and DI  

1 0.6888 1.47 0.234 

Error  36 0.4695   

Adjusted R2 = 22.41% 

 

Table 6.7. ANCOVA test for the Sit-up Test  
Source  df Adjusted Mean Square  F  p-value  

Mean IRD 1 3.6427 7.66 0.009* 

Mean DI  1 0.0468 0.10 0.755 
Error  37 0.4754   

Adjusted R2 = 21.43% 

 

Table 6.8. ANCOVA test for the Sit-up Test  
Source  df Adjusted Mean Square  F  p-value  

Mean IRD 1 5.9621 12.85 0.001* 
Error  38 0.4642   

Adjusted R2 = 23.30% 

 

Table 6.9. ANCOVA test for the Sit-up Test  
Source  df Adjusted Mean Square  F  p-value  

Mean DI 1 2.3663 4.23 0.047* 
Error  38 0.5588   

Adjusted R2 = 7.66% 
 

Abbreviations: IRD, inter-rectus distance; DI, distortion index.  
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Table 6.10. ANCOVA test for trunk rotation torque   
Source  df Adjusted Mean Square  F  p-value  

Mean IRD 1 146.13 1.80 0.188 
Mean DI  1 1.73 0.02 0.885 
Interaction between IRD 
and DI  

1 0.29 0.00 0.952 

Error  36 81.30   

Adjusted R2 = 6.43% 

 

Table 6.11. ANCOVA test for trunk rotation torque   
Source  df Adjusted Mean Square  F  p-value  

Mean IRD 1 187.58 2.37 0.132 

Mean DI  1 5.84 0.07 0.787 
Error  37 79.11   

Adjusted R2 = 8.95% 

 

Table 6.12. ANCOVA test for trunk rotation torque   
Source  df Adjusted Mean Square  F  p-value  

Mean IRD 1 455.59 5.90 0.020* 
Error  38 77.19   

Adjusted R2 = 11.17% 

 

Table 6.13 ANCOVA test trunk rotation torque   
Source  df Adjusted Mean Square  F  p-value  

Mean DI 1 273.85 3.34 0.075 
Error  38 81.97   

Adjusted R2 = 5.66% 
 

Abbreviations: IRD, inter-rectus distance; DI, distortion index.   
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6.5 Discussion   

  DI measured during a semi-curl up was greater in primiparous women when they 

were deemed to have DRA at the end of their first postpartum year when compared to 

those without DRA at the same time point. DI at each measurement site was strongly (R2 

> 0.74) correlated with the mean DI across the three measurement sites. There was a 

positive linear relationship between IRD and DI at each measurement site, which was 

strongest at the superior border of the umbilicus (R2 = 0.808, p < 0.05). Both DI and IRD 

were moderately negatively correlated with maximum trunk rotation torque generating 

capacity and the ability to perform a sit-up among primiparous women at the end of their 

first postpartum year. Although it was significantly associated with impairment, DI does 

not appear to be a stronger predictor of trunk rotation force nor sit-up test performance 

than IRD, nor does it add to the strength of models predicting trunk rotation torque or sit-

up test performance using IRD.  

6.5.1 Relationship between IRD and Distortion Index  

Our linear regression analyses revealed that the strength of the relationship between 

IRD and DI is dependent on the measurement site, with the strongest significant 

relationship being at the superior border of the umbilicus (R2 = 0.808, p < 0.05). 

Although there was a significant relationship between the IRD and DI at the other two 

sites (3 cm and 5 cm above the umbilicus), this relationship was found to be moderate. 

When a mean of both IRD and DI was used the relationship remained moderate between 

the two measurements. The results found at 5 cm above the umbilicus are similar to those 

reported by Lee and Hodges20 who found a significant positive relationship between IRD 

and DI in parous women with DRA at a measurement site that was half-way between the 
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umbilicus and the xiphoid process (R2 = 0.17, p < 0.5).20 However, the relationship 

reported by Lee and Hodges20 was weak at this site and they did not find a significant 

relationship between DI and IRD at a site above the umbilicus (R2 = 0.05, p = 0.28) 

whereas we found moderate significant relationships at all sites. These differences may 

be attributed to differences between study samples. Our study enrolled 40 women 

regardless of DRA status whereas. Lee and Hodges’20 computed regressions on 26 parous 

women with confirmed DRA. Although our sample size was bigger than that of Lee and 

Hodges’, our sample had less variation in IRD which could account for the differences 

between study results. Future research is needed to explore the strength of this 

relationship with larger populations of parous women with IRD that range from “normal” 

(< 2.2 cm) to more severe (> 5 cm). 

Our results point towards a different conclusion than that of Lee and Hodges20 who 

suggest that IRD and DI provide different information about the capacity of LA to create 

tension. In our study DI did not add to the ability to predict task performance in both the 

sit-up and trunk rotation outcome. Once the interaction between IRD and DI were 

removed from the model, IRD became significant at predicting sit-up scores and trunk 

torque. Therefore, IRD and DI may in fact be providing similar information. However, 

since IRD and DI are highly correlated at the superior border of the umbilicus and less 

correlated at other measurement sites along the LA this finding may be site specific and 

requires further investigation. Validation studies are also needed to investigate if DI 

and/or IRD are negatively correlated with LA stiffness. Based on the results here, 

researchers and clinician should be cautious about what information is inferred from a 

measurement of DI in women with relatively small IRD (< 3.0 cm), and should not 
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assume that the measure of DI provides more value than the measurement of IRD in these 

women.  

6.5.2 Distortion Index Measurements   

Our results are comparable to those of Lee and Hodges20 who found that women with 

DRA presented with greater DI during a semi-curl-up when compared to a control group. 

However, the control group in the current study differs from the control group of Lee and 

Hodges’.20 In Lee and Hodges’20 study, the control group consisted of 25 healthy 

volunteers without DRA (11 nulliparous women and 6 men)20 whereas the control group 

in the present study consisted of 22 primiparous women who did not present with DRA at 

one-year postpartum. Lee and Hodges20 measured IRD and DI at two points along the LA 

(the superior border of the umbilicus and at the half-way point between the superior 

border of the umbilicus and the xiphoid process). We also measured the IRD and DI at 

the superior border of the umbilicus, which allows us to directly compare our findings. In 

Lee and Hodges’,20 the DRA group had significantly greater IRD (3.40 ± 0.77 cm) than 

their control group (0.78 ± 0.34 cm). Our DRA group also presented with significantly 

higher IRD than the control group (2.7 ± 0.4cm vs. 1.6 ± 0.5), yet, likely attributable to 

our prospective design and difference in recruitment sites, the magnitude of the IRD in 

our DRA group was smaller than that of Lee and Hodges.20 Nevertheless, DI values were 

comparable between our sample of women with DRA and that of Lee and Hodges’20 

whose DRA group presented with DI measurements of 0.083 ± 0.059 cm at the superior 

border of the umbilicus. The results of the present study strengthen the findings presented 

by Lee and Hodges20 and support the idea that women with DRA also present with a 

greater distortion of their LA at the superior border of the umbilicus compared to those 
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without DRA, suggesting that women with DRA may not transfer loads through the LA 

as effectively as women without DRA. These results should be verified using a more 

direct measure of LA stiffness such as shear wave elastography.  

6.5.3 Relationship Between DI and Trunk Muscle Strength, Endurance and 

Function 

DI was moderately negatively correlated with maximum trunk rotation torque 

generating capacity and with performance on the sit-up test in women at the end of their 

first postpartum year. Since a woman’s ability to generate rotational torque depends 

primarily on the oblique and transverse abdominis muscles, these muscles need to be 

firmly anchored at the LA in order to optimally generate the required torque. Similarly, to 

perform a sit-up, the LA must effectively transfer forces between the opposing abdominal 

muscles.20 Although the theoretical framework presented by Lee & Hodges20 suggests 

that DI may be more functionally relevant than IRD, the findings of this study do not 

support a need to measure DI instead of or in addition to IRD when evaluating 

impairment and/or dysfunction associated with DRA after pregnancy, at least when using 

the outcomes described here. It is possible that other tasks may better reflect the added 

value of DI as an indicator of DRA severity and its functional implications.  

Similar to our findings regarding IRD, DI was not found to be associated with 

self-reported lumbopelvic pain. The results of this study are consistent with studies that 

have suggested that there is no association between lumbopelvic pain and the presence 

and severity of DRA.4,7,13,10 Since the women with DRA in this study were all 

primiparous and had relatively small IRD (median IRD = 2.42 (2.24 - 2.84)) the results 

cannot be generalized to all postpartum women with DRA. It is possible that women who 
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present with larger IRDs or larger DIs may demonstrate greater impairment, pain, or 

dysfunction than those observed here. Further research with parous women is needed 

before conclusions can be drawn about the relationship between IRD and/or DI with 

lumbopelvic pain or dysfunction.  

6.5.4 Clinical Implications and Future Directions  

Measuring the capacity of the LA to transmit forces has the potential to provide 

insight into the biomechanical function of the LA after pregnancy, yet it must be 

recognized that DI is not a direct measure of tissue stiffness but is rather an artifact of LA 

laxity. Through the present study, it is evident women who present with DRA at the end 

of their first postpartum year exhibit differences in the behavior of their LA during a 

semi-curl up task when compared to women without DRA and that, in this population, 

IRD and DI are strongly correlated. This study presents evidence that strengthens the idea 

that LA distortion may reflect the functional implications of DRA, yet this measure does 

not appear to be better than IRD alone at explaining performance on tests of trunk 

strength, endurance, or function. However, more research is needed to provide greater 

insight into the relationships among IRD, DI, and LA stiffness, and the impact of these 

three outcomes on functional task performance. 

6.5.5 Limitations and Future Directions 

 The present study explored DI as a means of quantifying the capacity of the LA to 

withstand tensile loading in primiparous women. Due to the explorative nature of this 

study, the generalizability of the results are somewhat limited. In particular, as has been 

the case with other prospective studies,3,4,7 our cohort of women with DRA had relatively 

small IRDs.12 Further, due to the exploratory nature of this study, we performed many 
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statistical tests, with multiple outcomes (15) without adjusting our alpha level. As such 

our results are at an increased risk of Type II error and some findings may be due to 

chance and need to be confirmed through follow-up studies.  

6.6 Conclusion 

Primiparous women who present with mild DRA at the end of the first postpartum 

year also present with greater distortion of their LA during a semi-curl up task than 

primiparous women with no DRA. Like IRD, DI appears to be associated with a 

woman’s ability to generate maximal trunk rotation torque as well as her ability to 

perform a sit-up yet IRD explains more of the variance in task performance than does DI. 

As with IRD, DI does not appear to be associated with self-reported lumbopelvic pain or 

dysfunction. Future research is needed to establish the psychometric properties of DI as a 

means of evaluating the capacity of the LA to withstand tensile loading and to investigate 

the relationships between IRD and DI and function in women with larger IRDs or long-

standing DRA. 
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General Discussion 

7.1 Introduction 

Diastasis recti abdominis (DRA) is an abnormal separation of the rectus 

abdominis (RA) that occurs in approximately 50% of women following pregnancy1 

which does not necessarily return to the values found in nulliparous women by the end of 

the first postpartum year.2 Currently, sampled women’s health physiotherapists believe 

that the pregnancy-induced changes to the abdominal wall, specifically the presence of 

DRA, are associated with a reduction in abdominal muscle strength and endurance,3 and 

with lumbopelvic dysfunction.4,5 Clinically, physiotherapists treat DRA in the postpartum 

period to decrease the expanded inter-rectus distance (IRD), promote the return of 

strength and endurance, and to help women return to their pre-pregnancy fitness levels. 

Therapists believe that the most effective approach to DRA management is through 

therapeutic exercises.5 Further, exercise intervention studies have aimed to show how 

exercises can prevent  DRA.6,7 However, it is not yet clear whether  DRA is associated 

with physical impairment;8,9 the impact of DRA on women’s health remains unknown. 

Therefore the primary objectives of this dissertation were to: 1) determine whether 

women who present with DRA at the end of their first postpartum year demonstrate 

limitation in their trunk muscle strength/endurance, and/or report higher levels of 

lumbopelvic pain and/or dysfunction relative to women without DRA (Chapter 5), and 2) 

explore whether a recently proposed measure of distortion at the linea alba (LA) is 

associated with impairments in trunk strength, endurance, reported pain, and dysfunction 
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due to low back pain (Chapter 6). However, before these studies could be undertaken, it 

was necessary to ensure that outcome measures were reliable and valid. First, because we 

aimed to facilitate participant recruitment and retention through allowing for data 

collection in the field, we built a portable isometric trunk dynamometer who’s reliability 

and validity first needed to be established (Chapter 3). Second, although it was already 

clear through previous work that ultrasound imaging of the LA produces reliable10–12 and 

valid13 measures of IRD, there had been no study on the specific impact of probe angle 

on IRD (Chapter 4). This chapter presents an overall summary of the findings in this 

dissertation, followed by an evaluation of the implication of the results, limitations of the 

work, and a discussion of the future directions for research into the health implications of 

DRA.  

7.2 Summary of Findings  

The first study (Chapter 3) entitled “Validity and reliability of average torque 

measured using a new portable trunk dynamometer to measure maximum effort isometric 

trunk torque in healthy women” investigated a new device that could be transported 

outside the laboratory to collect data on isometric trunk flexion and extension. Twenty 

healthy women performed three trials of both isometric flexion and extension on the 

custom machine (the IFLEXD) on two separate testing days approximately one week 

apart. The test-retest reliability of average flexion and extension torque recorded using 

the IFLEXD was excellent (ICCs (3,1) > 0.973, MCID < 6.74N), and concurrent validation 

against the “gold standard”, the Biodex 3TM, indicated that IFLEXD outcomes were 

linearly related to (p < 0.001; R2 = 0.76 and 0.73) and strongly correlated with Biodex 

outcomes for peak isometric trunk force generating capacity into both flexion (rho = 
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0.829, p < 0.001) and extension (R = 0.886, p < 0.001). We concluded that the IFLEXD 

was a reliable and valid means of measuring isometric trunk torque in women and was 

therefore included as an objective measure in the main studies of this thesis.  

The second study, entitled “Influence of ultrasound transducer tilt in the cranial 

and caudal directions on measurements of inter-rectus distance in parous women” 

explored whether there is a need to standardize the angle of the transducer during 

ultrasound evaluations measuring IRD. Ultrasound evaluations of the LA were completed 

on 15 parous women at rest and during a head lift task. Images were first acquired with 

the transducer perpendicular to the LA at the midline. The transducer was then tilted in 5 

increments to 15 in both the cranial and the caudal directions. No significant effect of 

transducer angle was found in IRD measurements acquired with participants at rest (F2.24, 

31.3 = 1.814; p = 0.18) or during a head lift (F3.15, 44.1 = 1.315; p = 0.28). It was concluded 

that when using the ultrasound imaging transducer, tilt errors or alteration in the cranial 

or caudal directions between image sessions do not appear to pose a problem when 

measuring IRD. Consequently, during the imaging approach used in the main studies of 

this thesis, images of the LA were acquired using the probe tilt angle that produced the 

clearest image of the borders of the rectus abdominis, without concern about the potential 

impact on the reliability and validity of the IRD measurements. 

The main study of this thesis (Chapter 5) was entitled “Comparison of trunk 

muscle function between women with and without diastasis recti abdominis at one-year 

postpartum: a prospective observational study.” This study was designed to determine 

whether differences exist in trunk muscle function between primiparous women with and 

without DRA at approximately one-year postpartum and to assess whether the severity of 
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any impairments were associated with the magnitude of the IRD. Forty women 

participated in this study and were stratified into cases (DRA; n=18 IRD ≥ 2.2 cm) and 

controls (no DRA; n=22, IRD < 2.2 cm) based on ultrasound imaging performed 

following assessment of physical strength, endurance and function. Each participant 

performed maximal trunk flexion and extension, with torque measured using the 

IFLEXD. Maximum trunk rotation strength was measured with participants in sitting 

using hand-held digital force gauges. The participants then performed two functional 

tasks: The Sit-Up Test (scored on a 4-point scale)14 and the Sitting-Rising Test (scored on 

an 11-point scale).15 Lastly, trunk endurance was timed, in seconds, during challenges to 

trunk flexion, extension, and lateral flexion. Pain symptoms were assessed using 

numerical rating scales (0-100) measuring current and worst pain experienced over the 

previous 24 hours, and the Roland-Morris Disability Questionnaire (0-24 points) was 

used to evaluate self-reported disability due to low back pain. The women who presented 

with DRA at the end of their first postpartum year demonstrated significantly lower trunk 

rotation torque generating capacity (p = 0.004) and scored lower on the Sit-up Test (p = 

0.024) than the women without DRA. IRD was negatively correlated with both trunk 

rotation torque (rho = -0.367, p < 0.05) and sit-up test score (rho = -0.514, p <0.01). The 

results of this study showed that the presence of DRA in primiparous women at the end 

of their first postpartum year impacts trunk rotation strength and, consequently, their 

ability to perform a sit-up. Despite having these deficits, women with DRA did not report 

more pain or dysfunction associated with pain when compared to those without DRA.  

In a final exploratory study, we used a measurement technique called the 

distortion index (DI) recently proposed by Lee & Hodges16 as a means of evaluating the 
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capacity of the LA to transmit tensile forces. The results of this analysis showed that the 

women who presented with DRA also presented with greater distortion of the LA during 

a semi-curl-up task and that this association was linear (R2 = 0.481, p < 0.05). As with 

IRD, the extent of LA distortion was again associated with women’s ability to generate 

maximal trunk rotation torque as well as their ability to perform a sit-up. Again, as with 

IRD, the amount of distortion at the LA was not associated with self-reported pain or 

dysfunction. The results suggested that inclusion of DI as a measure of DRA severity did 

not add to the findings that IRD is associated with impairments in trunk rotation and the 

capacity to perform a sit-up. Therefore, it was concluded that in primiparous women with 

relatively mild DRA, DI does not provide additional information to clarify the functional 

deficits seen in women with DRA.  

7.3 Limitations  

Although the findings of this work contribute significantly to our understanding 

of DRA, there are some limitations that warrant discussion. The women who participated 

in the studies in Chapter 5 and 6 presented with DRA that may be considered mild, as 

their mean ± SD IRD was 2.6 ± 0.4 (at 3 cm above the umbilicus); severe DRA has been 

classified by others as separations that allow more than 4 finger-breadths to be inserted 

within the sulcus between the rectus abdominis heads, which translates to greater than 

approximately 5 cm.8,17 This is an important limitation to consider as the results of this 

study may not be generalizable to women who present with larger IRD (mean > 2.6 cm). 

Since a universal standard does not exist to define DRA,9 careful reflections on previous 

research was given prior to creating the DRA classification system used in Chapter 5 and 

Chapter 6. Our criteria produced a clear separation between women who do and do not 
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present with DRA. Future research studies are encouraged to use this classification 

system when investigating women with DRA to help to facilitate comparisons amongst 

research findings. 

This study also only investigated primiparous women which limits the 

generalizability of these results to women who have had more than one pregnancy or who 

carried more than one child. This may be an important limitation as multiparity has been 

found to be a potential risk factor for DRA18 although there is some evidence that 

challenges this idea.17 Future research should include both nulliparous and multiparous 

women and women who present with moderate to severe DRA.  

The limited range of IRD values measured from women in this study may have 

been the result of self-selection bias. Potential participants interested and willing to 

participate in a study looking at trunk muscle function after pregnancy may be more 

physically active than their peers. Future longitudinal studies should implement strategies 

that aim to recruit a wide range of multiparous women in terms of fitness level, parity, 

and other key demographic features. In the interest of investigating women with larger 

IRDs, recruiting multiparous women who seek physiotherapy with primary complaints of 

DRA, may help to increase the range of IRD in future investigation. Recruiting potential 

participants through partnerships with local obstetricians, midwives, and family doctors 

who would be able to screen women who have IRD larger than 2.5 finger breadths (or 3 

cm) could help to capture a greater range of IRDs without biasing the sample towards 

women with complaints of pain or dysfunction.  

The selection of tasks included in this study may have been too limited and could 

be improved to potentially capture impairments that are associated with DRA. Based on 
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our findings, it appears that tasks that require dynamic movements against gravity (the 

sit-up task) may provide more meaningful information than those tasks that require a 

participant to hold a static position (rather than push or pull against resistance) or tasks 

performed with assistance (i.e., isometric strength with restraints). Based on this result, it 

appears that once a static position is achieved, the endurance of the trunk muscles is not 

impaired to a significant extent. Therefore, the impairments seen in women with DRA 

seem to be quite specific to the position and the task. The choice of an isometric trunk 

task may not have been the best way to capture trunk strength in women with DRA. 

Moving forward, we recommend incorporating functional, antigravity tasks that 

challenge trunk rotational stability. Further, additional outcomes such as movement 

quality and rate of force development may provide valuable information about motor 

control and muscle power19 and may elucidate further differences between women with 

and without DRA.  

An important limitation of the work presented in Chapter 6 involves the use of the 

DI measurement. This measurement was recently published in the literature as an adjunct 

to, and arguably better, measure than IRD to determine the severity of DRA. Lee and 

Hodges’16 showed that the IRD and the DI were not linearly related, and suggested that 

the DI captures aspects of the functional capacity of the LA that are missed by measuring 

IRD alone. In our sample of primiparous women, there was a moderate, linear 

relationship between IRD and DI which suggested that women with larger IRDs also 

demonstrated more distortion of their LA during a semi-curl-up task. Lee and Hodges16 

studied women with larger IRDs and more longstanding DRA and compared them to 

nulliparous women and men, which may account for differences in the results between 
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the two studies. The changes to recruitment strategies as discussed above would help to 

elucidate the association between these outcomes when there is a wider range of DRA 

severity. If the DI is to be used in future research, its psychometric properties (validity 

and intra/inter-rater reliability) need to be established. This should be done before further 

work incorporates DI in the analysis of the impact of DRA has on trunk strength, 

endurance and function.  

7.3.1 A Broader Approach to DRA 

The current approach in the literature primarily looks at DRA through a 

biomedical lens, focusing on physical impairments. This narrow approach, is too limited 

to adequately investigate the implications of DRA on a woman’s health and quality of 

life. Future research needs to approach the postpartum period from a longitudinal 

biopsychosocial perspective. Pregnancy marks a process of intense, complex changes to a 

woman’s body and to her roles and identity. The focus of this dissertation was to study 

the impact of changes to body structures (the IRD) on function (muscle torque, 

endurance, pain, and dysfunction) and the results provide valuable information on the 

biomedical implications of DRA. However, changes to the structure and function of the 

LA may affect participation and quality of life from a broader perspective. Currently, the 

literature addressing the impact of pregnancy on women’s physical, psychological and 

social health remains limited and deserves more attention.20  

A woman’s perception of her body image after pregnancy, specifically when she 

presents with DRA, warrants further attention. Findings from research looking at 

women’s body image satisfaction and perception show that women who have DRA after 

pregnancy report improvements in both their perception and satisfaction with their body 
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image after undergoing an abdominoplasty surgery.21 Furthermore, exercise during 

pregnancy has the potential to reduce the severity of DRA in the postpartum period6 and 

may promote a more positive feeling towards one’s body during pregnancy.22 Exploring 

the association between exercise, body image and DRA would significantly add to what 

is known about DRA in the postpartum period and could positively influence treatment 

strategies for this condition.  

Exploring the biopsychosocial reasons women seek physiotherapy treatment for 

DRA may provide a greater understanding of the impact DRA has on a woman’s life. 

Understanding how life situations (e.g. stress, intimate relationships, level of social 

support),23 environmental factors, (e.g. immediate family connections, community 

connections or connections with healthcare professionals), personal factors (e.g. age and 

financial dependency),24 and level of education25 potentially interact and lead to a 

symptomatic experience for a woman with DRA may provide a more robust 

representation of overall health. This interactive, biopsychosocial view of functioning 

would allow researchers and clinicians to explore the interactive process between 

functioning and disability where both personal and environmental factors are often 

interrelated.  

7.4 Continuing Research and Future Directions  

Considering the results and limitations of this dissertation, future work is 

warranted. We propose to address several research questions that will continue to build 

on the knowledge gained from this dissertation. Specifically, there are three main 

research objectives that we wish to address.  
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First, future work should look at generating a clear definition of DRA as well as 

categories that distinguish DRA as mild, moderate, and severe based not only on USI but 

on the severity of impairment/dysfunction/pain associated with each category. To do this, 

we will need to study women with a broader range of IRD and potential risk factors, 

preferentially recruiting those with more severe DRA. Second, we will want to refine our 

evaluation of LA morphology and mechanics, perhaps through innovative approaches 

such as shear wave elastography. Finally, we will want to refine our approach to the 

evaluation of the health implications of DRA through the inclusion of tasks that target 

rotational, antigravity stability and through the use of more advanced approaches to the 

study of spinal stability.  

Future studies will also continue to build on the evidence obtained from this 

dissertation and will strive to incorporate a biopsychosocial approach to each research 

study to ensure a broader lens is used when exploring DRA in postpartum women. It will 

be important to investigate the physiological/anatomical changes as well as psychosocial 

changes that occur during and after pregnancy and how these changes may or may not 

relate to DRA.  

7.5 Conclusion  

The results of this dissertation significantly add to our understanding of DRA. 

Consistent with the anatomy and what is known about LA biomechanics, the results of 

this dissertation suggest that DRA is associated with impairment, specifically the ability 

to generate rotational force at the trunk and to sit up against gravitational loading. Such 

impairments may, in fact, be highly relevant to function if they persist over a longer 

period of time or if women strive to perform at high-level activities. The findings from 
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this dissertation have generated new research questions that, when investigated, will 

continue to advance our understanding of the health implications of postpartum DRA.  
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Numerical Pain Rating Scales  

 

This questionnaire was done online. The participant dragged a moveable dot along the 

line to indicate where their pain levels were and a numerical score was visible to the 

participant to indicate their pain on a scale from 0-100.  
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