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NORMAL WIDTH OF THE INTER-RECTI DISTANCE IN PREGNANT AND
POSTPARTUM PRIMIPAROUSWOMEN

Abstract

STUDY DESIGN: Longitudinal descriptive exploratory study.

OBJECTIVES: Evaluatethe normal width of the linea alba in first-timesgnant women
during pregnancy and postpartum.

BACKGROUND: There are normative values on the width of thediatba for nulliparous
women, but limited knowledge about the normal widthhe inter-rectus distance (IRD) in
pregnant and postpartum women.

METHODS: Ultrasound images were recorded in 84 primipamoimen, at 3 locations on
the linea alba (2 cm below the umbilicus, and 2 &edh above the umbilicus) and at 4 time
points (gestational weeks 35-41 aritité 8", 12" to 14", and 24' to 26" weeks postpartum).

The 20th and 80th percentiles were used to deffieaormal width of the linea alba.

RESULTS: During pregnancy, the #tand the 8% percentile corresponded to 49 to 79 mm
below the umbilicus, 54 to 86 mm at 2 cm aboveutmilicus and 44 to 79 mm at 5 cm

above the umbilicus. At 6 months postpartum, tHe @@ the 88 percentile corresponded to
9 to 21 mm at 2 cm below the umbilicus, from 128mm at 2 cm above the umbilicus and

from 12 to 24 mm at 5 cm above the umbilicus.

CONCLUSION: Different normative values for the width of theda alba were found at
different locations of the anterior abdominal wadi.primiparous women, the IRD may be
considered “normal” up to values wider than in ipaltous.

(242 words)
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Introduction

Diastasis recti abdominis (DRA) has been definedrasnpairment characterized by the
separation of the two rectus abdominis musclesydloa linea alba.(Axer et al. 2001) This
increased inter-rectus distance (IRD) is commoeported to begin during pregnancy,
mostly during the third trimester, and remain tog first weeks following childbirth (Mota et
al. 2015b; Bg et al. 2017). Persistent pronoumeetlis diastasis can contribute to a bulging
of the anterior abdominal wall (Brauman 2008), podtnatal women often wish to resume
abdominal exercises shortly after delivery to inyererunk function and restore abdominal
figure and fitness (Mota et al. 2015a; Keshwarale017). It has also been postulated that
the diastasis may alter trunk mechanics, compropebeac stability and change posture and
thus increase the risk of low back and pelvic gngihin (Gilleard and Brown 1996; Lee et al.

2008; Benjamin et al. 2014; Bg et al. 2017).

Studies have found that DRA may affect between 30% of pregnant women,
(Boissonnault and Blaschak 1988; Mota et al. 20H5i0) that it may remain in 35%-60% of
women in the immediate postpartum period (Burs@ivi®ota et al. 2015b). However, the
reported prevalence of DRA or increased IRD vaaie$ may be inaccurate due to different
cut-off points for the diagnosis (Bursch 1987; Boisnault and Blaschak 1988; Rath et al.
1996; Spitznagle et al. 2007; Beer et al. 2009afetio and McAuley 2013), use of different
measurement points along the linea alba and differesessment methods (Boissonnault and
Blaschak 1988; Coldron et al. 2008; Mota et al.3)0To date there is no international
consensus on the best measurement location. Ii@ddew studies, with different and less
reliable instruments exist to compare the widththeflinea alba (Benjamin et al. 2014; van de
Water and Benjamin 2015). Based on a cadaver sRatp et al (1996)efined pathological
DRA as an IRD widening more than 10 mm above thbilicas, 27 mm at the level of the

umbilicus, and 9 mm below the umbilicus. Othersraef DRA as an IRD greater than 25



mm at one or more locations (Candido et al. 2005a more recent study, using ultrasound
imaging, Beer et al (2008)uggested that, in nulliparous women (women whe Imt given
birth), the normal width of the linea alba, i.ee tliRD, should be less than 15 mm at the
xiphoid level, 22 mm at 3 cm above the umbilicugj 46 mm at 2 cm below the umbilicus.
However, to date, knowledge on the normal widtkheflinea alba during pregnancy and

after childbirth is scant (Coldron et al. 2008;Wiat al. 2011).

The aim of the present study, therefore, was ttuet@the normal width of the linea alba at
three levels of the abdominal wall, in a homogesegoup of women at four time points,

one in late pregnancy and three in the postpartemog.

Methods
This study used data from a longitudinal studytmgrevalence of DRA (Mota et al. 2015b).
The width of the IRD was assessed at gestationek\86 to 41 and at 6 to 8, 12 to 14, and

24 to 26 weeks postpartum.

Participants

Women attending pre-natal courses in the Lisboa aere referred to the study by
community gynecologists, physiotherapists, fitnesaches, and nurses. One hundred and

twenty-three pregnant women agreed to participatke study.

The participants were eligible for the study ifyhveere first-time pregnant and agreed to
participate in four testing sessions. Exclusiotecia were any kind of conditions affecting
the ability to perform activities of daily livingrdvaving symptoms that required medical
attention e.g., high-risk pregnancies, stillbirthdelivery before gestational week 37,
previous spinal or abdominal surgery and neuromasdiseases. Subjects were also

excluded if any of the four testing sessions wassed. Self-report of mode of delivery,



baby’s birth weight, and participation in regulaegcise training defined &s3 times per
week before, during and after pregnancy was ragdtéemographic variables included
age, level of education, and the anthropometriarpaters of height (cm) and weight (kg),
and were obtained according to the Internationale®p for the Advancement of

Kinanthropometry (ISAK) protocol (Marfell-Jonesadt 2012).

The Review Board of the University of Lisbon, Faguf Human Kinetics, approved the
study. Written informed consent was obtained befamticipation, and the rights of the

participants were provided in verbal and writtemidollowing the Helsinki declaration.

Instrumentation and Procedures

Static ultrasound images were collected using tImsdund scanner (LOGIQ e; GE
Healthcare, Waukesha, WI) with a 4 to 12-MHz, 39-tmear transducer, set to a fixed
frequency of 12 MHz in brightness mode (B-mode}hwparticipants in a supine resting

position (knees bent at 90°, feet resting on th@lplnd arms alongside the body).

The ultrasound data-collection protocol and analgéithe images were discussed and
practiced with an experienced radiologist priotite start of the study. The investigator, who
performed all measurements, was a physical thenaqils specific training in ultrasound

imaging, including experience assessing IRD (Mot@.e2012).

The ultrasound transducer was placed transversétyee locations along the midline of the
abdomen, using the center of the umbilicus asaente: 2 cm below the umbilicus, and 2
and 5 cm above the umbilicus. To standardize #esttucer position, each measurement
location was marked with ink on the skin. The prhaes in the present study have been

previously described in detail in a former studyotiet al. 2012).

The orientation of the transducer was adjustechdumage acquisition in order to optimize



visualization of the desired anatomy. Images wetlected immediately at the end of

exhalation follow the recommendations of Teyheal ¢2008).

For each participant, 12 images were capturedriefeto three abdominal locations (2 cm
below and 2 and 5 cm above the umbilicus) and tiowe points (gestational weeks 35 to 41,
6 to 8 weeks postpartum, 12 to 14 weeks postpaidnoh24 to 26 weeks postpartum). The
images were exported in Digital Imaging and Comroaitions in Medicine (DICOM) format
for further offline processing. The investigatorsa@inded to the participants’ identification

and to the values of the IRD from previous exaniomest (Mota et al. 2012).

IRD Measurements

Measurements of 2-dimensional ultrasound distaccgespondent to the IRD were
conducted offline by the same investigator, usitgstomized program (MATLAB Image
Processing Toolbox. The MathWorks, Inc, Natick, MMota et al. 2012). The detailed
description of this program and measurement praesdean be obtained from a formerly
published reliability study (Mota et al. 2012). dhghout the study, the examiner was
blinded to the IRD values of all participants, Ibea and time. Once the offline
measurements were completed at the end of the,gheliRD values of all the participants,
conditions, locations, and time points were impibrteo SPSS software (IBM Corporation,
Armonk, NY) for statistical analysis. Intrarrat€&C values for measuring IRD were greater

than 0.90 (Mota et al. 2012).

Statistical Analysis

All statistical analyses were performed using SR8(ion 21, IBM Corporation.
Continuous variables were summarized as the mesiantlard deviation. The 20th and 80th
percentiles were calculated to define the normdtiwof the linea alba. Comparison of the

widths of the linea alba at the three abdominatlewas carried out by using the Wilcoxon



signed rank test. To address the problem of malgpimparisons, we utilized the Bonferroni
correction and considered tests with P-valuesthess or equal to 0.017 as statistically
significant. Correlations between continuous vdeasahvere analyzed using Pearson
correlation.

Results

Eighty-four of 123 first time pregnant women (68.)3€6ncluded the longitudinal study
(Mota et al. 2015b). Before the first measuremeventy-two women were excluded: 11
because of pregnancy complications, 3 lived to@veay to attend the measurements after
birth, 6 were not able to meet for the first measugnt and 2 for unknown reasons.
Seventeen women were excluded because they misleadaone measurement due to

personal issues.

Table 1 presents the anthropometric data and bagkdrinformation for the final sample.
The examination revealed a broad range of valudbeathree measured reference points
(Table 2). There was no significant correlationage or body height with the widths of the

linea alba.

The linea alba was widest at 2 cm above the umisiliat all time points both during
pregnancy (percentile 8086 mm) and at 6 months postpartum (percentif& mm).
During pregnancy, the linea alba width at 2 cm a&bihve umbilicus was significantly greater

than that at 5 cm above the umbilicus (p < 0.00%£2%32; S=838; Z=-4.223; N=84).

At 6 months postpartum the linea alba width wasifgantly greater at 2 cm above the
umbilicus than at 2 cm below (p < 0.001°=8410; S=160; Z=-7.247; N=84), and 5 cm

above the umbilicus (p < 0.001%-8063; S=507; Z=-5.700; N=84).

Table 3 presents the 20th, 50th, and 80th peresntilhe values reveal that the linea alba

width can be considered “normal” during pregnarfogm 49 to 79 mm at 2 cm below the



umbilicus, from 54 to 86 mm at 2 cm above the uimobd and from 44 to 79 mm at 5 cm
above the umbilicus. At 6 months postpartum, tmedi alba width can be considered
“normal” from 9 to 21 mm at 2 cm below the umlgilis, from 17 to 28 mm at 2 cm above

the umbilicus and from 12 to 24 mm at 5 cm aboeeumbilicus.



TABLE 1. Demographic variables (n=84). *Data are mean ifmim-maximum).
** Participation in general physical activity dedid as participation in regular exercise

sessions 3 or more times a week, obtained by sptirt.

Age (years)* 32127
Gestational week of birth* 38.8 +1.0
Birth weight of baby (kg)* 3.1 +0.3
University education, n (%) 68 (81%)
Vaginal delivery, n (%) 52 (61.9%)
Caesarean section, n (%) 32 (38.1%)
Weight gain during pregnancy (kg)* 125 +34

before pregnancy 19 (22.6%)
Regular exercise training @ times per week)Olurilng Meonahcy 16 (19.0%)

[N (%0)] **
at 6 months postpartum24 (28.6%)

TABLE 2. Inter-rectus distance (IRD). Data are means * st@hdeviations for the IRD
measured at rest in mm. N=84 participants. Albtmns: AU, above the umbilicus; BU,

below the umbilicus.

Gestational Postpartum Postpartum Postpartum

week 35 -41 week 6 -8 week 12 -14 week 24 -26

5cmAU  61.0+19.3 23.0+9.2 19.7+7.8 18.74& 8.

IRDatRest 2cmAU 66.9+194 26.8+£9.3 23.8+7.3 2244 7.

2cmBU  64.6+19.0 18.8+10.7 17.2+8.9 15.34 8




TABLE 3. Percentiles of the width of the linea alba at tire¢ abdominal levels. Data are
percentiles for the IRD measured at rest in mm.

N=84 participants. Abbreviations: AU, above thehilious; BU, below the umbilicus.

Percentiles

10% 20% 30% 40% 50% 60% 70% 80% 90%

Pregnancy 5cmAU 37 44 51 57 59 62 67 79 86
2cmAU 44 54 57 61 64 69 74 86 93
2cmBU 42 49 55 58 63 69 75 79 89

Postpartum 5cm AU 10 12 14 16 17 19 21 24 28
2cmAU 13 17 20 20 22 23 25 28 30
2cmBU 7 9 10 12 14 16 18 21 26

Discussion

The present study revealed that the IRD varied cplttre linea alba suggesting that the
normative values for the width of the IRD shoulddefined at different reference locations.
The linea alba was widest at 2 cm above the unuisilat all time points, from pregnancy to 6
months postpartum, and in this population, the ealiound for the IRD were wider than in
nulliparous women (Beer et al. 2009).

When defining the normal width of the linea alliee tjuestion arises as to which method is
optimal and whether ultrasound can be used asablelnd valid method for examination.
Computed tomography and magnetic resonance imagegurrently considered the
methods of choice to examine the abdominal wallt@v al. 2013). However, they are
expensive, and computed tomography exposes trenpéai radiation,(Mendes et al. 2007)
making it contraindicated to use in pregnant wonTdme reliability and validity of ultrasound

in examining the IRD in this population is well @&slished (Mota et al. 2012; 2013).

In this study, a statistical approach was usetetme the lower and upper limit of the IRD,
beyond which the linea alba width cannot be comsil@ormal. A formerly published study,

in the same population, found a prevalence of d&stup to 39% at 6 months postpartum
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(Mota et al. 2015b), assuming “normality” equivdlémthe IRD values found for nulliparous
women (Beer et al. 2009). However, the questiontidrenulliparous or primiparous women
(women having given birth to only one child) shobklthe norm is a difficult one to answer.
Using nulliparous as the norm may overestimatgtbgalence in pregnant and postpartum
women. For instance, using the cut-off value foumthis study for the 80% percentile, the

prevalence of diastasis in primiparous women woa@@0%, instead of 39% reported

previously (Mota et al. 2015Db).

DRA has been noted by the 26th week of gestatiafe@®&d and Brown 1996) and in 66% of
women during the third trimester (Boissonnault 8teschak 1988). Previous studies have
noted that there is a partial resolution of a DRAdwur weeks (Gilleard and Brown 1996;
Hsia and Jones 2000) and 8 weeks (BoissonnauBmEsghak 1988) postpartum and these
findings agree with those of the current studyefpected, the widest values were found
during pregnancy, which is in line with other stglusing different assessment methods,
both finger width, caliper, and ultrasound (Boissault and Blaschak 1988; Gilleard and
Brown 1996; Coldron et al. 2008). In the preseuatigt at 6 months postpartum, the IRD was
wider than in nulliparous women, which is in linéwprevious findings by Liaw et al.

(2011) also using ultrasonography.

Today's widespread information in social media mt@nding abdominal exercise programs
to prevent and treat DRA, is in strong contraghtlack of evidence for any positive effect
shown in RCTs. In a recent search on Pubmed oRIE7s on treatment of DRA using
abdominal exercises were found (Mesquita et al91B®anuelsson et al. 2014; Walton et
al. 2016; Kamel and Yousif 2017). These studiesestow on PEDro rating scale of
methodological quality and both exercise protoca¢sessment methods, cut-off points for
diastasis and results differ. To date, there exefore, no knowledge whether the condition
can be prevented or reduced with abdominal trainingther exercises programs.

One strength of the present study is the longitidiesign following a cohort with
ultrasound assessment of the IRD from late pregnantil 6 months postpartum. Other
strengths are the number of subjects followed hadise of a responsive, reliable and valid

ultrasound method to assess IRD with a blindedstigator. The limitations of the study
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were the lack of pre-pregnancy assessment of thaitcan. However, measurement of
nulliparous women planning to become pregnantcisadlenge in all studies on pregnant
women, and there is sparse knowledge on pre-prégranen in all areas of research. The
sample size of the present study can be questibt®gever, whereas power and sample size
calculations are the key element for performing@ff’e comparative studies, it is of little
value in exploratory studies (Jones et al. 2003)itAs not feasible to calculate the sample
size in normality studies, the present results saye as a background for power

calculations of future prevalence studies.

The sample was drawn from a well-educated populatitending pre-natal courses in private
centres and may therefore not be representatitreedarger disperse population. However,
we are not aware of any theories or empirical datgesting that DRA is associated with
educational level. Due to the demands of havingleyhit is a challenge to follow pregnant
and postpartum women in research projects. Hea@ejdid losses to follow-up, subjects
must be motivated to attend testing sessions igitiadinal studies. Other studies in the
pregnant and postpartum population had samplesngaipm 6 to 115 subjectsl
(Boissonnault and Blaschak 1988; Gilleard and Bra®@86; Coldron et al. 2008; Liaw et al.
2011). The largest study was a prospective crassesal cohort study, providing only a
partial longitudinal design due to difficultiesfmllowing the population over time (Coldron
et al. 2008). We suggest that the small loss tovielip in the present study may be due to
the use of portable equipment allowing great flgybof the research physiotherapist to
assess the women in their homes and at a suitatd@edr them. We have not been able to
find other normative studies on the DRA followingsf time pregnant women from
pregnancy till postpartum. There is a need forhirristudies in other ethnic groups and in
groups of greater heterogeneity of both demograghicanthropometric data. As diastasis

recti abdominis has been proposed to be assoaidtiedhigher risk of low back and pelvic
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girdle pain, we recommend that women during pregynamd in the postpartum period with
IRD above the normal values found in the presamtystshould be followed-up to elaborate

on the association of DRA and symptoms of low ket pelvic girdle pain.
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Conclusion

In primiparous women, the IRD may be consideredrirad” up to values wider than for
nulliparous women. During pregnancy, the linea @#a be considered normal up to 79 mm
at 2 cm below the umbilicus, 86 mm at 2 cm aboeeuimbilicus and 79 mm at 5 cm above
the umbilicus, and at 6 months postpartum up tongi at 2 cm below the umbilicus, to 28
mm at 2 cm above the umbilicus and to 24 mm at 5atove the umbilicus. Use of
normative IRD values in primiparous women may bedui the diagnosis of the condition

and in the decision of treatment strategies.
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First study describing normal width of linea alba in pregnant and
postpartum women;

Assessment of Diastasis rectus abdominis (DRA) with reliable ultrasound
imaging;

Different inter-recti distance normative values in different linea alba
locations.

The linea alba is widest at 2 cm above the umbilicus, on pregnancy and
postpartum;

In primiparous normative inter-recti distance is wider than in nulliparous
women.



