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Background: Diastasis of the rectus abdominis muscle (DRAM) has been linked with low back pain,
abdominal and pelvic dysfunction. Measurement is used to either screen or to monitor DRAM width.
Determining which methods are suitable for screening and monitoring DRAM is of clinical value.
Objectives: To identify the best methods to screen for DRAM presence and monitor DRAM width.
Methods: AMED, Embase, Medline, PubMed and CINAHL databases were searched for measurement

{j?llivz;’?trds.. property studies of DRAM measurement methods. Population characteristics, measurement methods/
Reliabii’ity procedures and measurement information were extracted from included studies. Quality of all studies

was evaluated using ‘quality rating criteria’. When possible, reliability generalisation was conducted to
provide combined reliability estimations.
Results: Thirteen studies evaluated measurement properties of the ‘finger width’-method, tape measure,
calipers, ultrasound, CT and MRI. Ultrasound was most evaluated. Methodological quality of these studies
varied widely. Pearson's correlations of r = 0.66—0.79 were found between calipers and ultrasound
measurements. Calipers and ultrasound had Intraclass Correlation Coefficients (ICC) of 0.78—0.97 for test
—retest, inter- and intra-rater reliability. The ‘finger width’-method had weighted Kappa's of 0.73—0.77
for test—retest reliability, but moderate agreement (63%; weighted Kappa = 0.53) between raters.
Comparing calipers and ultrasound, low measurement error was found (above the umbilicus), and the
methods had good agreement (83%; weighted Kappa = 0.66) for discriminative purposes.
Conclusions: The available information support ultrasound and calipers as adequate methods to assess
DRAM. For other methods limited measurement information of low to moderate quality is available and
further evaluation of their measurement properties is required.

© 2015 Elsevier Ltd. All rights reserved.

Psychometrics
Women's health
DRAM

1. Introduction

Diastasis of rectus abdominis muscle (DRAM) is relatively
common and can have negative health consequences (Fast et al.,
1990; Gilleard and Brown, 1996; Lee et al., 2008; Keeler et al.,
2012). Therefore, screening for the presence of DRAM is often
routinely practiced in inpatient and outpatient services, in partic-
ular in women during the pre- and post-natal periods (Keeler et al.,
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2012). If present, DRAM is monitored over time to assess natural
recovery or to determine when interventions may be warranted.
Appropriate and clinically useful measurement of DRAM is needed
to help clinicians make such decisions.

DRAM or the increase of the inter-recti distance of the rectus
abdominis muscle is due to stretching and thinning of the linea alba
(Rath et al., 1996; Hsia and Jones, 2000). It is measured with one of
several available methods, such as finger widths, calipers or ultra-
sound. Although consensus is still lacking, a widening of greater
than 2.2—2.3 cm as identified by ultrasound measurements
(Coldron et al., 2008; Liaw et al.,, 2011), has been considered a
clinically important DRAM and has been connected to adverse
musculoskeletal concerns in clinical practice.
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Although the association is not definitive, presence, size and
duration of DRAM have been linked to pelvic and low back pain
(Taranto, 1990; Khushboo et al., 2014). It has been found to weaken
abdominal muscles (Liaw et al., 2011) and disturb their functions in
lumbo-pelvic stability (Khushboo et al., 2014). DRAM has also been
associated with pelvic floor dysfunction (Spitznagle et al., 2007).
Even though these findings are from small studies, it is considered
important to identify DRAM presence and monitor DRAM width
over time particularly in combination with such dysfunctions. For
these measurement purposes, methods need to have sound mea-
surement properties whilst being clinically feasible.

The purpose of clinical measurement can be to predict, to
discriminate or to monitor (Kirshner and Guyatt, 1985). The choice
of measurement method should be based on the purpose of mea-
surement, its measurement properties and the clinical situation
(Streiner and Norman, 2008). To screen for DRAM concerns
discrimination between those with and without clinically impor-
tant DRAM, which need reliable methods. For monitoring purposes
of DRAM width over time to evaluate treatment, methods that are
also responsive or sensitive to change in DRAM width are required.

Currently few studies exist that evaluate the different methods
for measuring DRAM. Several methods, such as calipers, tape
measures, ultrasound and the traditional ‘finger width’-method
(palpation), are used in clinical practice (Keeler et al., 2012) and
clinical studies aiming to evaluate treatment effects on DRAM
width (Mesquita and Machado, 1999; Benjamin et al., 2014). For
example, the size of the diastasis can be measured by the number of
finger widths that span the diastasis on palpation or by using cal-
ipers for which the distance between the tips of calipers (fitted
across the width of the diastasis) is read. Ultrasound measure-
ments, as well as measurements from Computed Tomography (CT)
and Magnetic Resonance Imaging (MRI) are established from on-
screen rulers within the software displaying the images. Claims
have been made that the ‘finger width’-method is ‘unreliable’
(Bursch, 1987; Mota et al., 2012), and that for example measure-
ments on CT or MRI images can be considered ‘gold standard’
(Mendes et al., 2007; Mota et al.,, 2012; Barbosa et al., 2013).
However, little supporting evidence on measurement properties or
evidence based on incorrect statistics is provided with such claims,
introducing potentially invalid statements.

When considering measurement purposes, it is important to
evaluate the measurement properties of methods used to measure
DRAM width. This could help guide clinicians and researchers to-
wards appropriate and clinically meaningful measurement of
DRAM. Therefore the aim of this systematic review was to sum-
marise the literature and evaluate measurement properties of the
available methods for measuring the presence or width of DRAM.

2. Methods
2.1. Data sources and searches

For the identification of studies evaluating measurement prop-
erties of methods for measurement of DRAM width, an electronic
search strategy (Appendix A) consisting of two components was
developed: population (with search combinations of, for example,
“diastasis” AND “rectus abdominis muscles”), and -where possible-
measurement properties (sensitive filter by Terwee et al., 2009).
Since DRAM does not only occur in pre- and post-natal women
(Moesbergen et al., 2009; De'Ath et al., 2010), and with the aim to
collect all measurement information available on DRAM measure-
ment methods, we did not limit the search of this review to a
specific population, for example pre- and post-natal women.

Five databases were searched from their earliest available time
until 21 December 2014, and included AMED (Allied and

Complementary Medicine), CINAHL (Cumulative Index to Nursing
and Allied Health Literature), Embase, Medline and PubMed. In
addition to electronic searches, reference lists of included studies
and other related articles were screened for potential relevant
studies.

2.2. Study selection

Study selection on title/abstract and retrieved full text articles
was performed independently by two reviewers. Specific selection
criteria (Table 1) were set a priori, and discussed prior to the se-
lection process. Discussion resolved any selection discrepancies.

2.3. Data extraction and quality assessment

A priori designed data extraction forms included details of study
populations, measurement protocols, measurement information,
and any notes on the analysed studies. Data were extracted by one
reviewer (AvdW) and checked by a second reviewer (DB) for
completeness and correctness.

Methodological quality of studies was assessed with a modified
version of the “COnsensus-based Standards for the selection of
health Measurement INstrument” (COSMIN checklist version 9)
(Mokkink et al., 2010a, 2010b) and a component of the QUADAS-2
(Whiting et al., 2011). The COSMIN checklist was developed for
quality assessment of development and psychometric studies of
patient-reported health measurement instruments. Currently no
established and validated tool for assessing quality of psychometric
studies of clinician administered outcome measures is available,
therefore a modified version of the COSMIN checklist was used. The
COSMIN checklist consists of 9 sub-checklists for measurement
properties, such as reliability or criterion validity. These sub-
checklists are selected based on what properties a study evalu-
ated. It also contains two additional checklists for ‘Interpretability’
and ‘Generalisability’ which are completed for all studies and relate
to data presentation. Some items of the sub-checklists and two
additional checklists were not relevant to clinician-administered
measurement of DRAM; for example, reporting of the percentage
of missing items. Hence, we used a modified version of the COSMIN
where these items were marked Not Applicable (N/A). This has
been done previously in performance tests for walking ability (van
Bloemendaal et al., 2012).

Methodological quality scores are presented as ‘number of
positively rated items’ out of ‘total number of applicable items’
(Table 3). As well as design requirements, the COSMIN also includes
whether appropriate statistics have been used for the investigated
measurement properties. Presentation of these results has been
reported separately (Table 3) to highlight potential incorrect in-
ferences made in the included studies. Two reviewers completed
the modified COSMIN checklist for each study independently
(Online Appendix). Any disagreements were resolved by
discussion.

When studies presented data on the diagnostic accuracy of
DRAM measurement methods, study quality was also evaluated
using the Risk of Bias component of the QUADAS-2 (Whiting et al.,
2011) by two independent reviewers. The QUADAS-2 is the suc-
cessor of the original Quality Assessment of Diagnostic Accuracy
Studies (QUADAS) tool. Only “Phase 3: Risk of Bias and applicability
judgement” which consists of 4 domains (1. patient selection, 2.
index test, 3. reference standard, and 4. flow and timing) was used.
This was done as included studies were not primary diagnostic
accuracy studies and reporting on these four domains provides the
reader with information on potential risks of bias. All domains were
judged on “low/high/unclear risk of bias” and domains 1 to 3 are
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Table 1

Study selection criteria.
Inclusion Exclusion
Population
o diastasis of rectus abdominis muscle (including, for example, pre- and post-natal e non-human

women, male with abdominal aortic aneurysm, abdominoplasty patients)

Measurement properties

validity (correlations between methods)
sensitivity, specificity

reliability (e.g. intra-rater, inter-rater)
measurement error, minimal detectable change
longitudinal validity (responsiveness)
Publication type

o full-text study publications

e cadaver studies

abstracts
o conference proceedings
o pilot studies

also judged on “low/high/unclear concerns regarding applicability”.
Any disagreements in judgement were resolved by discussion.

2.4. Data synthesis and analysis

Where publications of included studies reported raw data of
their participants but no summarised sample data, descriptive
statistics were used to describe characteristics of the sample of
those studies.

Several guidelines were used to determine suitability of statis-
tics for evaluation of measurement properties (Streiner and
Norman, 2008; Mokkink et al., 2010a). A priori consensus was
reached that studies had to use the proposed statistics of these
guidelines for the results of these studies to be included in this
review. These statistics included: Pearson's product—moment cor-
relation coefficient (r) for concurrent validity, Standardised Error of
Measurement (SEM), Minimal Detectable Change (MDC) or Bland
Altman's Limits of Agreement for measurement error, and Intra-
class Correlation Coefficient (ICC), Concordance Correlation Coef-
ficient (CCC) or (weighted) Cohen's Kappa for reliability testing. Any
results using statistics other than these were discarded as they
would not evaluate measurement properties coherent with the
review's primary interest.

Measurement properties of interest (for example, concurrent
validity or measurement error) were estimated by the review au-
thors under two conditions: measurement property values were
not reported by the authors of included studies, and if presented
data allowed their calculation. This means, included publications
had to present raw data of each person in the sample, or, for
evaluation of the diagnostic accuracy of DRAM methods, a 2 x 2
contingency table.

Where appropriate, the following statistics were used to eval-
uate measurement properties: for concurrent validity testing,
Pearson's r was used for continuous data.

Measurement error between measurement methods of DRAM
width was evaluated through Bland and Altman's Limits of Agree-
ment. Sensitivity, specificity, positive predictive value and negative
predictive value were calculated for dichotomous data (presence/
absence) related to the diagnostic test accuracy of DRAM mea-
surement methods.

When possible, pooling of reliability estimations, based on
Charter (Charter, 2003; Streiner and Norman, 2008), was conducted
on data from studies evaluating reliability. The measurement
methods and locations from each study were considered prior to
inclusion for pooled reliability calculations. Combining reliabilities
was based on the mean score for the scale, its standard deviation,
the sample size and ICC. The combined reliability coefficient is
weighted by the sample sizes, mean and SD of DRAM width of the

samples. For more detail on reliability generalisation including
formulae, we refer to Charter (2003) and Streiner and Norman
(2008) (pages 202—207). Forest plots were created following the
methods described by Neyeloff et al. (2012).

3. Results

The electronic database searches resulted in 211 citations of
which 18 were potentially eligible (Table 1) and retrieved to screen
in full-text. Of these, 12 studies evaluated measurement properties
of methods measuring DRAM width. Reference list screening
resulted in one more study (Liaw et al., 2006) which was in Chinese
language. This article was translated into English prior to data
extraction. Fig. 1 shows the flow of identification, selection and
inclusion of the 11 studies.

The included studies evaluated several clinical measurement
methods for DRAM width (Table 2), including the ‘finger width’-
method (Bursch, 1987; Mota et al, 2013), tape measure
(Emanuelsson et al., 2014), calipers (Boxer and Jones, 1997; Barbosa
et al., 2013; Chiarello and McAuley, 2013), ultrasound (Liaw et al.,
2006; Mendes et al., 2007; Liaw et al., 2011; Mota et al., 2012;
Chiarello and McAuley, 2013; Iwan et al., 2014), Magnetic Reso-
nance Imaging (MRI) (Elkhatib et al., 2011), Computed Tomography
(CT) (Nahas et al., 2001; Emanuelsson et al., 2014) and intra-
operative measurements with a ruler (Nahas et al., 2001; Elkhatib
et al., 2011), surgical compass (Mendes et al., 2007).

3.1. Methodological quality

Methodological quality using the COSMIN checklists found
variable quality between studies (Table 3; Online Appendix). The
level of agreement between raters was Cohen's kappa = 0.91 (95%CI
0.87—0.96) (Percentage Agreement = 95.9%). Some of the included
studies employed statistics (Bursch, 1987; Nahas et al., 2001;
Mendes et al., 2007; Elkhatib et al., 2011; Mota et al.,, 2012)
inconsistent with this review's criteria or had important design
flaws such as lack of blinding for reliability studies (Liaw et al.,
2011; Barbosa et al., 2013; Mota et al., 2013) or very small sample
size (Elkhatib et al., 2011) and therefore had an increased risk of
bias.

Of the seven studies that validated one measurement method
against a reference standard, only one used statistics that were
consistent with the recommended statistics (Table 3). Two studies
(Nahas et al., 2001; Elkhatib et al., 2011) did not employ statistics
fitting this review's criteria for validity testing, but reported raw
data which were used to calculate correlations for concurrent val-
idity testing.
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Table 2
Study characteristics.
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First author, year

Sample
characteristics

Delivery, parity,
body composition

Measurement tools

Protocol

Post-partum participants

Barbosa et al. (2013)

Boxer and
Jones (1997)

Bursch (1987)

Liaw et al. (2011)

Mota et al. (2012)

Healthy participants
Chiarello and
McAuley, 2013

Iwan et al. (2014)

Liaw et al. (2006)

n = 106,

all female,

27.1 years (SD 5.97),
post-natal <72 h

n = 30,

all female,

31.3 years (SD 3.3),
post-natal 11.1
weeks (SD 5.0)

n = 40,

all female,

16—31 years,
post-natal <4 days

n=30

all female,

32.1 years (SD 3.0),
7wk and 6mo
post-natal

n =24,

all female,

30.4 years (16—55)
two subgroups:

n = 12 at 10.9wk
(9-13)
post-partum

n =12 at 11.5 years
(0—24) post-partum

n = 56,

11 male, 45 female,
34.8 years (SD 9.8;
19-64)

n =30
14 male, 16 female
244 years (SD 7.4;
20-53)

n =42,
16 male, 26 female,
21.6 years (SD 1.3)

Delivery

caesarean 62.24%
vaginal 37.76

Parity

22(SD 1.4)

Body composition
BMI 29.95 (SD 6.80)
Delivery

vaginal 100%
(caesarean excluded)
Parity

median 1,5 (1-3)
primiparous n = 17
multiparous n = 13
Body composition
Body fat (%) 20.8—39.1%

Delivery

vaginal 100%
(caesarean excluded)
Parity

no info

Body composition
no info

Delivery

vaginal 100%
Parity

primiparous n = 17
multiparous n = 13
Body composition
BMI 21.5 (SD 2.8)
Delivery

no info

Parity

0.75 (0—2)

Body composition
BMI 22.7 (18.9—-28.5)

Parity (n = 45 female)
22 nulliparous

23 various parity
Body composition
BMI 24.3 (SD 4.3)

Parity (n = 16 female)
13 nulliparous

3 various parity (1—4)
Body composition
BMI 23.9 (SD 2.8)

Parity

no info

Body composition
BMI 21.0

Ultrasound

Medson SonoAce 8000,
5—7 MHz transducer
Caliper

UIU-STOOLS professional-Vernier

CLAO06

Caliper

nylon dial, 0—150 mm, Baty

International

Finger width

no standardisation of finger width

between raters

Ultrasound

SSD-550, 7.5 MHz 38 mm linear

transducer; in B mode

Ultrasound
LOGIQ e, GE Healthcare;

4—12 MHz, 39 mm linear transducer;

B-mode.

Algorithm in MATLAB image-processing
software (The MathWorks, Inc) helped
finding the medial margins of rectus

Calipers

nylon digital calipers, Mitutoyo America
Corporation, Aurora, IL, USA

Ultrasound

LOGIQ Book XP, GE Healthcare,
Waukesha, WI, USA; 5-MHz curvilinear

transducer

Ultrasound
Low-resolution

Chison 8300 Deluxe 7.5 MHz linear
transducer (Chison Medical Imaging

Co. Ltd., China)
High-resolution

Phillips iU22 12.5 MHz linear
transducer (Royal Philips Electronics,

The Netherlands)

Ultrasound

SSD-550, 7.5MHz linear array probe;

in B-mode

One assessor.

Supine, legs flexed.

Measurements at +3, +6, +9, +12 cm of umbilicus.
Active measurements by flexing trunk

until scapulae came off the bed.

One assessor with 15 years clinical
physiotherapy experience, minimal experience
with calipers.

Supine, knees 90° flexed, hands resting on thighs.
Measurement at midpoint umbilicus.

3 trials with 15 min rest; per trial measurements
in resting, active (with scapulae just off

the bed) status.

Dial facing away for blinding, reporting by
‘impartial recorder’

Four assessors; 2 experienced, 2 new.

Supine, knees flexed.

3 measurements with 3 min rest, scores averaged
Measurements at +4.5 cm of umbilicus

Finger insertion depth to rater's proximal
interphalangeal joints. After insertion of fingers,
participant performed 3 partial sit-up with arms
extended, scapulae just of the bed during which
measurements were taken

One assessor.

Supine, two pillows under knees.
Measurements at +2.5 cm, upper and lower
margin umbilicus, —2.5 cm

3 images taken at end of normal expiration
measurements taken using on-screen caliper;
order of locations randomised

One assessor.

Supine, knees 90° flexed, arms alongside

body on bed

Measurements at +2 cm, —2 cm of umbilicus

3 situations: resting, 'draw in' and partial sit up;
contractions held for 3 s, resting time 6—10 s.
Images taken at end of exhalation (determined
by visual inspection)

1 image per location per situation

Retest on convenient day for participant

Two independent assessors.

Measurements at +4.5 cm, —4.5 m of umbilicus
2 situations: resting (hook-lying, arms down by
the side, with 1 pillow placed beneath the head)
and active (crossed the arms over the chest and
raised the head until the spine of the scapulae
was off the table surface).

Caliper measurements always preceded the
Ultrasound measurements; caliper
measurements included palpation with fingers
to identify medial borders of recti

Two independent assessors.

Supine.

Images taken at end of expiration.
Measurements at +2 c¢cm and —2 cm umbilicus with
digital measurement caliper setting on the machine.
2 situations: resting and partial curl up as per
Chiarello and McAuley (2013).

1 min rest between measurements within
session (n = 30); 5 weeks between sessions
(n=10)

Measurements were random for: rater 1 and 2,
situations, measurement locations,

Ultrasound machine.

One assessor for test—retest reliability.

Supine.

Images taken at maximum inhalation
Measurements at +4.5 cm, upper and lower
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First author, year

Sample
characteristics

Delivery, parity,
body composition

Measurement tools

Protocol

Mota et al. (2013)

n=31
16 male, 15 female
22.1 years (SD 1.2)

n = 20,
all female,
29.3 years (16—49)

Abdominoplasty participants

Elkhatib et al. (2011)

Emanuelsson
et al. (2014)

Mendes et al. (2007)

Nahas et al. (2001)

n = 20,

all female,

33.6 years (SD 7.02)
Note: Data on

n = 10 only

n =56

2 male, 54 female
39.8 years (25—60)
Note: Data on
n=>55

n = 20,
~19/20 female,
no further info

n =20,
all female,
21-52 years

Parity

no info

Body composition
no info

Parity

0.7 (0-2)

Body composition
BMI 23.0 (18.9—-28.5)

Delivery

no info

Parity

no info

Body composition
BMI 29.1 (22.9-35)
Delivery

no info

Parity

no info

Body composition
BMI 23 (18—-31)

Delivery

19/20 had previous
caesarean section;
Parity

no info

Body composition
no info

Delivery

no info

Parity

no info

Body composition
moderate obese (9)
average (6)

thin (5)

no further info

Ultrasound

SSD-550, 7.5 MHz linear array probe;

in B-mode

‘Finger width’-method

no standardisation procedures described

Ultrasound
GE Logic-e, 4—12 MHz, 39 mm
linear transducer, B-mode

Magnetic Resonance Imaging
Siemens scanner, Magnetom
Avanto 1.5T

Ruler

Aspen, 15 cm

Computed Tomography
Siemens Definition AS machine
Tape measure

for clinical and intra-operative
assessments

Ultrasound

Medson SonoAce 8000
Surgical compass

no info

Computed Tomography
scan ruler; no info
Ruler

no info

edge umbilicus, —4.5 cm

Locations measured in random order;
measurement taken directly on screen,
read and reported by assistant for blinding
Retest 2 days later

Two assessors for inter-rater reliability.
Same as above.

Second assessor took images and
measurements 15 min later

Two assessors, 7 and 31 years experience;
One of them performed ultrasound imaging
directly after their palpation assessment.
Supine, knees 90° flexed, arms alongside
body on bed.

Measurements at +2 cm, —2 cm of umbilicus.
1 situation: abdominal crunch (shoulder
blades just clearing the table)

For inter-rater reliability, second assessor
took measurements 2 min later; for
test—retest reliability, retest period was
3.9 days (SD 3.9)

MRI images (T2-weighted axial scans) were
taken in deep inspiration at levels of Lumbar

2 and Sacral 3.

Intra-operative measurements were taken at
supra and infra umbilical levels corresponding
with L2 and S3 levels.

Measurement taken at mid-way xiphoid-umbilicus
and mid-way umbilicus-pubic symphysis.
Clinical and CT measurements (deep inspiration)
were taken by the same radiologist (two
radiologists collected data). Clinical tape
measurements were performed three times

by the same investigator and averaged.

One assessor (ultrasonographist) using
ultrasound. Two assessors (surgeon, assistant)
using surgical compass.

7 measurement levels: +12, +9, +6, +3,
umbilicus, —2, —4 cm

pre-operative ultrasound images taken at
sustained maximal inspiration and expiration,
values were averaged

Supine

Measurements at +3 cm and —2 cm of umbilicus
no further info

Ten studies (Bursch, 1987; Boxer and Jones, 1997; Liaw et al,,
2006; Mendes et al., 2007; Liaw et al., 2011; Mota et al., 2012;
Barbosa et al., 2013; Mota et al., 2013; Emanuelsson et al., 2014;
Iwan et al., 2014) evaluated a form of reliability or agreement
(test—retest reliability, intra-rater reliability, inter-rater reliability
or agreement between measurement methods (Table 5)), but two
of these (Bursch, 1987; Mendes et al., 2007) did not report the
statistics consistent with this review's criteria.

One study by Barbosa et al. (2013) reported on kappa agreement
between ultrasound (as reference) and calipers for accurate diag-
nosis of DRAM, but did not report on other clinically useful values
from their 2 x 2 contingency table such as sensitivity or positive
predictive value. These were previously calculated by us (van de
Water and Benjamin, 2014) using the data presented by the au-
thors (Barbosa et al., 2013), and are also presented in this review
(Table 4).

Barbosa et al. (2013) was the only study to provide information
on diagnostic accuracy of calipers compared to ultrasound, and
therefore was the only study assessed with the Phase 3-part of the
QUADAS-2. Domain 1 “patient selection” was scored as ‘unclear’
risk of bias and ‘high’ concern regarding applicability. Domain 2
“index test” and Domain 3 “reference standard” were scored ‘high’
risk of bias and applicability concern was ‘low’. Finally, domain 4
“flow and timing” was judged as ‘low’ risk of introducing bias.

3.2. Measurement information per measurement method

3.2.1. ‘Finger width’-method

Two studies (Bursch, 1987; Mota et al., 2013) evaluated mea-
surement properties of this method as an evaluative instrument,
and not as tool to discriminate between presence and absence of
DRAM. Mota et al. (2013) evaluated the reliability and agreement
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Table 3
Results of COSMIN methodological quality assessment.

Author, year Measures Measurement Design Design flaws®  Statistics consistent  Statistics used
properties requirements® with criteria
(COSMIN v9)
Barbosa et al. (2013) Ultrasound Calipers Reliability 6/7 Yes Yes Kappa
Measurement error 6/7 Yes Yes LOA
Criterion validity 2[2 Yes Yes Pearson's r
Interpretability 2/4 Yes -
Generalisability 5/6 - -
Boxer and Jones (1997) Calipers Test—retest reliability — 6/7 No Yes 1CC54
Measurement error 6/7 No Yes SEM
Interpretability 2/4 No —
Generalisability 4/6 - -
Bursch (1987) Finger widths Test—retest reliability  6/7 No No ANOVA
Interpretability 2/4 No —
Generalisability 3/6 - -
Chiarello and Calipers Ultrasound Criterion validity 2[2 No Yes ICC5 5 (95%CI)
McAuley (2013) Interpretability 3/4 No —
Generalisability 6/6 - -
Elkhatib et al. (2011) MRI Ruler Measurement error 2(7 Yes No Not reported (raw data
provided)
Criterion validity 1/2 Yes No Spearman correlation
(raw data provided
Interpretability 1/4 Yes —
Generalisability 5/6 — —
Emanuelsson et al. (2014) CT Measurement error 5/7 No Yes LOA
Tape measure Interpretability 3/4 No -
Generalisability 6/6 — —
- Clinical
- Intra-OP
Iwan et al. (2014) Ultrasound Reliability 6/7 No Yes ICCy,1(pooled)
Measurement error 6/7 No Yes SEM/MDCg5/LOA
Criterion validity 1/2 No Yes ICCox
Interpretability 2/4 No -
Generalisability 6/6 - -
Liaw et al. (2006) Ultrasound Reliability 6/7 No Yes 1CC51 ICCy4 (95%CI)
Measurement error 6/7 No Yes SEM/MDCgys/LOA
Interpretability 2/4 No -
Generalisability 416 — —
Liaw et al. (2011) Ultrasound Reliability 5/7 Yes Yes ICC3 1(pooled)
Measurement error 5/7 Yes Yes SEM/MDCos
Interpretability 2/4 Yes —
Generalisability 6/6 - -
Mendes et al. (2007) Ultrasound Surgical compass  Reliability 6/7 No No Wilcoxon's test
Criterion validity 1/2 No No Wilcoxon's test
Interpretability 0/4 No —
Generalisability 3/6 - -
Mota et al. (2012) Ultrasound Reliability 6/7 No Yes ICCy .1 (95%CI)
Measurement error 6/7 No Yes SEM/MDCgs
Interpretability 2/4 No —
Generalisability 4/6 - -
Mota et al. (2013) Finger width Ultrasound Reliability 6/7 Yes Yes/No® Weighted kappa
Criterion validity 1/2 No No ANOVA
Interpretability 2/4 Yes -
Generalisability 5/6 - -
Nahas et al. (2001) CT Intra-operative ruler Measurement error 1/7 Yes No Not reported (raw data
provided)
Criterion validity 12 Yes No Not reported (raw data
provided)
Interpretability 2/4 No -
Generalisability 5/6 - -

2 Design requirements presented as: Items scored ‘yes’/total items.
b Design flaws including no blinding or very small sample size.

€ Yes/No indicates that correct statistics (weighted kappa) were used, but the weighting scheme was not stated.

between finger width measurements (as number of finger widths
with intervals of half finger widths) of two raters, finding a
weighted kappa value of 0.53 and percentage agreement of 62.5%.
They also evaluated the test—retest reliability and found weighted
kappa values of 0.73 and 0.77 for the two women's health physio-
therapists with 7 and 31 years of experience, respectively. In
addition, they aimed to compare ultrasound and ‘finger width’
measurements, but did not report statistics that could be used.

Another study by Bursch (1987) aimed to evaluate the inter-rater
reliability of the ‘finger width’-method but also employed statis-
tics that were inconsistent with this review's criteria.

3.2.2. Tape measure

Clinical measurements with a tape measure were compared by
Emanuelsson et al. (2014) with intra-operative tape measurements
and measurements on pre-operative CT images. Concordance
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Deletion of 146 duplicates

211 different citations

resulted in

Selection on Title/abstract
excluded 193 citations

4

[ AMED (Ovid): 8

[ CINAHL (EBSCOhost): 37
[ EMBASE (Ovid): 104
[ MEDLINE (Ovid): 64
[ Pubmed (NCBD: 144

18 potential relevant articles

Selection of full text
excluded 6 articles; reasons:

- no evaluation of
measurement properties (3)
no sample data presented (2)
same data as in larger,
included (Whiting et al.,
2011) study (1)

A 4
'

A

12 relevant articles from
electronic searches

Reference list screening:
included 1 article

- Liaw etal,, 2006 (Chinese)

\ 4

A

13 articles included for

data extraction

Fig. 1. Flowchart detailing identification and selection of studies.

Table 4
Validity of DRAM measurement methods.

First author, year Outcome measures Correlations®

Other Notes

Barbosa et al. (2013) Calipers Ultrasound +3 cmr=0.66 Sensitivity 89.7% “other” statistics were calculated (van de Water and
+6cmr=0.71 Specificity 75.0% Benjamin, 2014) using raw data reported by Barbosa et al.
+9cmr=0.69 PPV 82.5%
+12cmr=0.79 NPV 84.6%

Chiarello and McAuley (2013)  Calipers Ultrasound

statistics used for validity testing non-compliant
with review criteria (paired t-test)

Elkhatib et al. (2011) MRI ruler (intra-operative) L2 r=1.00 correlations were calculated using raw data
S3r=0.99 (n = 10) presented
Iwan et al. (2014) Ultrasound High vs Low resolution statistics used for validity testing non-compliant
with review criteria (t-tests)
Mendes et al. (2007) Ultrasound surgical compass statistics used for validity testing non-compliant
with review criteria (Wilcoxon's test)
Mota et al. (2013) ‘Finger width’-method Ultrasound statistics used for validity testing non-compliant
with review criteria (ANOVA)
Nahas et al. (2001) CT ruler (intra-operative) +3 cmr=0.89 correlations were calculated using raw data
-2cmr=0.78 (n = 20) presented

PPV, Positive Predictive Value; NPV, Negative Predictive Value; ICC, Intra-class correlation; MRI, Magnetic Resonance Imaging; L2, level of Lumbar 2; S3, level of Sacral 3; CT,

Computed Tomography.
¢ Correlations are Pearson's r.

Correlation Coefficients (CCC; <0.90 indicating poor agreement
(Emanuelsson et al.,, 2014)) of 0.37—0.48 were found between
clinical and intra-operative measurements. Tape measurements
and CT also had lower agreement (CCCs of 0.00—0.22) with wide
Limits of Agreement of up to 2.5 cm (Table 5).

3.2.3. Calipers

Concurrent validity testing was conducted by Barbosa et al.
(2013) who compared measurements on ultrasound images with
caliper measurements and found, depending on the measurement

location above the umbilicus, correlations of r = 0.66 to 0.79 be-
tween the two methods. Their mean differences of DRAM width
estimates (above the umbilicus) between methods were less than
1 mm.

Also Chiarello and McAuley (2013) found that, for measure-
ments above the umbilicus, calipers had similar estimations of
DRAM width compared to ultrasound (SEM 0.01-0.17 cm).
However, for measurements 4.5 cm under the umbilicus sys-
tematic differences of 0.74—1.43 cm were found between
methods.
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Table 5

Reliability, agreement and measurement error of DRAM measurement methods.
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First author, year

Reliability/agreement

Measurement error (in cm)

Notes

‘Finger width’-method
Mota et al. (2013)

Mota et al. (2013)

Bursch (1987)

Calipers
Boxer and Jones (1997)

Ultrasound
Iwan et al. (2014)

Liaw et al. (2011)

Mota et al. (2012)

Iwan et al. (2014)

Liaw et al. (2006)

Mota et al. (2012)

Iwan et al. (2014)

Liaw et al. (2006)

Test—retest reliability

Inter-rater reliability

Inter-rater reliability

Test—retest reliability

Intra-rater reliability

Intra-rater reliability

Intra-rater reliability

Test—retest reliability

Test—retest reliability

Test—retest reliability

Inter-rater reliability

Inter-rater reliability

Between-methods/Parallel-forms reliability

Barbosa et al. (2013)

Chiarello and
McAuley (2013)

Calipers
Ultrasound

Calipers
Ultrasound

kappaweighted
0.73-0.77

Percentage agreement
73—-80%

kappaweighted

0.53

Percentage agreement
62.5%

ICC3
rest: 0.93
crunch: 0.95

ICC;; — Pooled

rest +2 cm: 0.96

rest —2 cm: 0.96

crunch +2 cm: 0.95

crunch —2 cm: 0.92

ICC3; — Pooled

+2.5 cm: 0.96

upper edge: 0.92

lower edge: 0.92

—2.5 cm: 0.96

ICC4,1 (95%CI)

rest +2 cm: 0.98 (0.95—1.00)
rest —2 cm: 0.96 (0.90—0.98)
crunch +2 cm: 0.94 (0.88—0.98)
crunch —2 cm: 0.97 (0.93—1.00)
draw in +2 cm: 0.93 (0.85-0.97)
draw in —2 cm: 0.99 (0.97—1.00)

ICC;,; — Pooled
rest +2 cm: 0.92
rest —2 cm: <0.65*
crunch +2 cm: 0.82
crunch -2 cm: 0.74

ICC3 1 (95%CI)

+4.5 cm: 0.95 (0.90—0.97)
upper edge: 0.91 (0.82—0.95)
lower edge: 0.85 (0.72—0.92)
—4.5 cm: 0.90 (0.82—0.95)
1CC;,1(95%CI)

rest +2 cm: 0.87 (0.73—0.94)
rest —2 cm: 0.78 (0.56—0.90)
crunch +2 cm: 0.83 (0.65—0.92)
crunch —2 cm: 0.50 (0.14—0.75)
draw in +2 cm: 0.90 (0.79—0.96)
draw in —2 cm: 0.74 (0.48—0.88)

ICC;,; — Pooled

rest +2 cm: 0.97

rest —2 cm: 0.65

crunch +2 cm: 0.95

crunch -2 cm: 0.83

ICC2,1 (95%CI)

+4.5 cm: 0.86 (0.72—0.93)
upper edge: 0.89 (0.75—0.95)
lower edge: 0.78 (0.55—0.90)
—4.5 cm: 0.83 (0.65—0.92)

kappa (presence/absence)
0.66

ICC3 2 (95%CT)
rest +4.5 cm: 0.79 (0.64—0.88)

SEM
0.31
0.16

SEM/MDCos
0.10/0.29

0.10/0.27

0.16/0.43

0.12/0.32

0.20/0.55

0.07/0.18

Limits of Agreement
1.1 (—0.20 to 0.21)

SEM/MDCq5
0.07/0.20

0.08/0.23

0.10/0.29

0.08/0.23
SEM/MDCos
0.28/0.76

0.23/0.63

0.25/0.69

0.44/1.21

0.24/0.66

0.32/0.87

Limits of Agreement
—0.03 (—8.67 to 8.34)

Limits of Agreement

+3 cm: —0.02 (<—2 to >2)

+6 cm: 0.04 (—1.8 to 1.8)

+9 cm: 0.08 (—1.9 to 2)

+12 cm: —0.07 (—-1.3 to 1.2)
SEM/MDCgs/Limits of Agreement
0.01/0.04/0.03 (-2 to 2)

statistics used for validity testing
non-compliant with review criteria
(ANOVA); no raw data available

Pooled reliability based on data from 2
raters (experienced and novice),
measuring 4 times each on 2 machines
(high and low resolution ultrasound).

Pooled reliability based on data at two
time points (7 weeks and 6 months
post-partum)

Pooled reliability based on data from

2 raters (experienced and novice),
measuring 4 times each on 2 machines
(high and low resolution ultrasound).
* One negative ICC (ICC = —0.51) was
set as 0.00 for pooling.

Pooled reliability based on data from

2 raters (experienced and novice),
measuring 4 times each on 2 machines
(high and low resolution ultrasound).

based on n = 102;
Limits of Agreement were approximated;
blinding issues
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Table 5 (continued )

First author, year Reliability/agreement

Measurement error (in cm) Notes

rest —4.5 cm: 0.40 (—0.02—0.65)
crunch +4.5 cm: 0.71 (0.51-0.83)
crunch —4.5 cm: 0.43 (0.03—0.67)

Emanuelsson et al. (2014) CT
Tape measure:
Intra-operative
Clinical

CCC (95% CI)

CT vs. Intra-OP

X—-U: 0.16 (0.02—0.30)
U—-S: 0.00 (—0.08—0.07)
CT vs. Clinical

X—U: 0.22 (0.06—0.37)
U-S: 0.00 (—0.06—0.06)
Clinical vs. Intra-OP
X—-U: 0.37 (0.12—0.57)
U-S: 0.48 (0.27—0.65)
Mota et al. (2013) Finger width
Ultrasound

0.52/1.45/1.43 (0.5—-2.5)
0.17/0.48/—0.03 (—1.5 to 1.5)
0.50/1.38/0.74 (—1 to 2.5)
Limits of Agreement

X—U: -1.47 (-3.95-1.13)
U—S: —2.37 (—5.29—-0.55)
no info

no info

X—U: —0.04 (-2.46—2.37)
U—S: 047 (—1.64—2.58)

X—U, mid-way xiphoid-umbilicus

U-S, mid-way umbilicus-pubic symphysis
CCC was interpreted (Emanuelsson

et al,, 2014) as >0.99, almost perfect
0.95—-0.99, substantial

0.90—0.95, moderate

<0.90, poor

statistics used for validity testing
non-compliant with review criteria
(ANOVA)

CCC, Concordance Correlation Coefficient; ICC, intraclass correlation coefficient; SEM, standard error of measurement; MDC, minimal detectable change.

Boxer and Jones (1997) evaluated test—retest reliability of cali-
pers in post-partum women (with 15 min retest interval) and re-
ported ICCs of 0.93—0.95 with small SEMs of 1.5—3 mm for
measurements at the umbilicus.

Barbosa et al. (2013) also dichotomised their DRAM width
measurement data into presence/absence of DRAM as measured by
calipers and ultrasound. They found that the agreement between
the methods in discriminating between absence and presence of
DRAM was good (Landis and Koch, 1977) with a kappa of 0.66.
When taking ultrasound as their reference standard and calipers as
index test, from the data presented by Barbosa et al. (2013) diag-
nostic accuracy values could be calculated (van de Water and
Benjamin, 2014). Sensitivity, or the chance to detect DRAM with
calipers when it is indeed present, was 89.7% with a specificity of
75%. The positive predictive value, or the chance that DRAM is
indeed present when positively tested with calipers, was 82.5%
(Table 4).

3.2.4. Ultrasound

Measurements on ultrasound images have been compared with
caliper measurements by two studies for concurrent validity
testing and measurement error (Barbosa et al., 2013; Chiarello and
McAuley, 2013), and have been used as reference standard for
determining DRAM presence (see above, Calipers and Table 4).
Mendes et al. (2007) compared measurement on ultrasound im-
ages with surgical compass measurements but reported statistics
for validity testing inconsistent with this review's criteria.

Three studies (Liaw et al., 2011; Mota et al., 2012; Iwan et al,,
2014) evaluated intra-rater reliability of ultrasound. Pooled ICCs
were between 0.95 and 0.97 (ICC range 0.89—0.99) for different
locations, and for rested and active measurement situations
(Table 5; Figs. 2 and 3).

Test—retest reliability of ultrasound was evaluated by three
studies (Liaw et al., 2006; Mota et al., 2012; Iwan et al., 2014)
(Table 5). Pooling of reliability estimates resulted in pooled ICCs of
0.81-0.94 in resting situation and pooled ICCs of 0.68—0.86 for
active (partial sit-up) measurement situation (Figs. 4 and 5). Reli-
ability was found lower for measurements below the umbilicus
(Motaetal., 2012; Iwan et al., 2014), in active situations (Mota et al.,
2012; Iwan et al., 2014) and for novice sonographers (Iwan et al.,
2014).

Liaw et al. (2006) and Iwan et al. (2014) evaluated inter-rater
reliability and found ICCs of 0.65—0.97 between measurements of
two raters (Table 5), Lower ICCs were found when comparing
measurements below the umbilicus between an experienced and
novice sonographer (ICC 0.65—0.83).

3.2.5. MRI and CT versus intra-operative measurements

Emanuelsson et al. (2014) compared intra-operative tape mea-
surements with CT image measurements, and found a very low
agreement (CCC of 0.00—0.16) with large average differences of
1.5—2.4 cm between methods (Table 5).

In two studies (Nahas et al., 2001; Elkhatib et al., 2011), MRI and
CT were used as evaluative tools of DRAM width. Both studies
presented raw data from MRI (Elkhatib et al., 2011) or CT (Nahas
et al, 2001) and intra-operative measurements, which allowed
calculations for criterion/concurrent validity testing. Raw data from
a very small sample size (n = 10) (Elkhatib et al., 2011) indicated
that MRI and intra-operative findings were strongly associated
(Table 4). Bland and Altman-plots (Online Fig. 1) showed a signifi-
cant systematic difference between measurement methods of
0.58 cm. Measurements on CT scan images (sample size n = 20)
(Nahas et al., 2001) correlated well (r = 0.78—0.88) with intra-
operative findings and there were no significant differences
(Online Fig. 2).

4. Discussion
4.1. Findings

This systematic review presents measurement information of
clinical methods used to assess DRAM, and can help clinicians and
researchers determine the most appropriate method for their
specific measurement purpose and situation. Ultrasound has been
most widely researched with regards to its reliability, and showed a
reliable method when images were taken by experienced sonog-
raphers. Calipers also seem a reliable method to measure DRAM
width (measurements above the umbilicus). The clinically widely
used ‘finger width’-method has been under-evaluated. Some reli-
ability data might indicate that the method is sufficient for
retesting (one rater) and potentially for screening of DRAM pres-
ence. There are no measurement data available to support MRI or
CT scan measurements. Available measurement information
showed that different DRAM measurement methods correlated
well with each other, but no data are available for any method on
longitudinal validity or responsiveness.

4.2. Implications for clinical practice

4.2.1. Screening and diagnosis of clinically important DRAM

In clinical practice, measurement of DRAM width is often
performed to screen for presence of clinically important DRAM.
Determining whether a widening is over or under an accepted
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cut-off value (Rath et al., 1996; Coldron et al., 2008; Liaw et al.,
2011), with consistency between raters in ranking and catego-
rising the patients, is important. Ultrasound and calipers are
satisfactory for this purpose. This has been supported by the
results of Barbosa et al. (2013) and further calculations of diag-
nostic accuracy values based on their results (van de Water and
Benjamin, 2014). Although supporting information on measure-
ment properties and diagnostic accuracy is required, the ‘finger
width’-method might also have potential as a screening method
for presence of clinically important DRAM. Results from Mota
et al. (2013) supported that the ‘finger width’-method can be
reliable (retesting by one rater). Claims that the ‘finger width’-
method would be unreliable (Mota et al., 2012) have been based
on the findings by Bursch (1987) only. However, they used the
‘finger width’-method inappropriately: individual ‘number of
finger widths’ between raters was compared and their intended
measurement purpose was to evaluate DRAM width rather than
to screen for DRAM presence. In addition, they employed sta-
tistics inconsistent with the review's criteria to evaluate inter-
rater reliability. This highlights the importance of considering
the measurement purpose before selecting measurement
methods.

4.2.2. Monitoring DRAM width

Reliable and responsive methods are required to monitor DRAM
width over time. Ultrasound was found to be reliable in healthy and
post-natal women, regardless of the measurement location or
active or resting situation. However, data on longitudinal validity or
responsiveness is still lacking. Similarly, calipers have evidence of
being a reliable method to measure DRAM in post-natal women in
active or resting situations and at different measurement locations,
in particular at and above the umbilicus. This finding is strength-
ened by two pilot-test reliability studies (Hsia and Jones, 2000;
Chiarello et al., 2005) that reported on reliability using calipers.
Chiarello et al. (2005) used a nylon digital caliper in a blinded
manner in pregnant women, and reported test—retest reliability
ICCs of 0.995 and 0.997, and an inter-rater reliability ICC of 0.87.
Hsia and Jones (2000) evaluated the test—retest reliability of dial
calipers in 9 ante- and post-natal women reporting ICCs of 0.99 for
active and resting situations.

4.2.3. Clinical feasibility of methods

Clinical feasibility of a tool is important when choosing a mea-
surement method. For clinical out- and inpatient services and many
research purposes, CT and MRI scans are not feasible methods to

First author, year - study data ICC
lwan, 2014 - LRUS, novice 0.89
Iwan, 2014 - LRUS, experienced 0.96
lwan, 2014 - HRUS, novice 0.98
Iwan, 2014 - HRUS, experienced 0.98
Mota, 2012 0.96
Liaw, 2011 - 6 months 0.95
Liaw, 2011 - 7 weeks 0.97

Pooled 0.97

measure DRAM width. Also, we found insufficient evidence that
they can be considered ‘gold standard’ as often claimed (Mendes
et al., 2007; Mota et al., 2012; Barbosa et al., 2013). Moreover,
Emanuelsson et al. (2014), Nahas et al. (2001) and Elkhatib et al.
(2011) compared measurements on CT and MRI images to intra-
operative measurements, of which the latter they considered
their ‘reference standard’.

Although recommended for use in clinical studies (Mota et al.,
2012) and based on reliability evidence in this review, the use of
ultrasound as a measurement tool for DRAM width might be
limited in daily practice. Costs and availability of the device,
required training to obtain clear and accurate images, reading of
images and on-screen measurement of DRAM are some factors
influencing its feasibility.

Palpatory methods (calipers, tape measures and ‘finger
width’) are clinically feasible methods to determine DRAM
(Keeler et al., 2012). These are inexpensive, easy to use and re-
sults are simple and quick to record. However, standardisation of
these methods might be a clinical challenge, and therefore
require a standardisation protocol. For example, knowing how
broad one's grouped fingers are in cm/mm for the ‘finger with’-
method, can help with screening for DRAM presence and in-
crease consistency when ranking or categorising patients with
multiple raters.

4.3. Strengths

All the current available evidence examining measurement of
DRAM and its measurement properties were included in this sys-
tematic review. This review followed the PRISMA guidelines on
high quality reporting of systematic reviews (Moher et al., 2009)
and reliability generalisation studies (Streiner and Norman, 2008).
Its comprehensive search strategies without limits, methodological
quality assessment of included studies with a modified COSMIN
checklist (Mokkink et al., 2010a, 2010b) recommended for sys-
tematic reviews of psychometric property studies (Mokkink et al.,
2010b), specific data analysis (Streiner and Norman, 2008) and
reporting (Mokkink et al, 2010a, 2010b) highlight several
strengths.

4.4. Limitations

Although the findings of this review are clinically relevant,
caution is required when interpreting and applying the mea-
surement methods due the design and methodological quality of

95% CI

(0.78-0.95)
(0.92-0.98)
(0.96-0.99)
(0.96-0.99)
(0.90-0.98)
(0.91-0.97)
(0.95-0.99)

0.7 0.8 09 1 11

Fig. 2. Forest plot ultrasound, intra-rater reliability below umbilicus, rested situation LRUS/HRUS, low and high resolution ultrasound. The vertical line represents the value of the

pooled estimate.
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First author, year - study data ICC
lwan, 2014 - LRUS, novice 0.95
lwan, 2014 - LRUS, experienced 0.91
lwan, 2014 - HRUS, novice 0.96
lwan, 2014 - HRUS, experienced 0.96
Mota, 2012 - draw in 0.93
Mota, 2012 - crunch 0.94

Pooled 0.95

95% CI

(0.89-0.97)
(0.82-0.96)
(0.92-0.98)
(0.91-0.98)
(0.85-0.97)
(0.88-0.98)

Fig. 3. Forest plot ultrasound, intra-rater reliability above umbilicus, active situation LRUS/HRUS, low and high resolution ultrasound. The vertical line represents the value of the

pooled estimate.

First author, year - study data ICC
Iwan, 2014 - LRUS, novice 0.88
Iwan, 2014 - LRUS, experienced 0.98
lwan, 2014 - HRUS, novice 0.88
Iwan, 2014 - HRUS, experienced 0.93
Liaw, 2006 0.95
Mota, 2012 0.87

Pooled 0.94

95% ClI

(0.59-0.97)
(0.93-0.99)
(0.58-0.97)
(0.75-0.98)
(0.90-0.97)
(0.73-0.94)

06 07 08 09 1 11

Fig. 4. Forest plot ultrasound, test—retest reliability above umbilicus, rested situation LRUS/HRUS, low and high resolution ultrasound. The vertical line represents the value of the

pooled estimate.

First author, year - study data ICC
lwan, 2014 - LRUS, novice 0.26
lwan, 2014 - LRUS, experienced 0.79
lwan, 2014 - HRUS, novice 0.20
Iwan, 2014 - HRUS, experienced 0.92
Mota, 2012 - draw in 0.74
Mota, 2012 - crunch 0.50

Pooled 0.68

oswa |

(-0.40-0.77) —4—T
(0.36-0.94) — 1
(-0.17-0.65) =
(0.70-0.98) —&
(0.48-0.88) ——
(0.14-0.75) — L4

¥

0 02 0406 08 1

Fig. 5. Forest plot ultrasound, test—retest reliability below umbilicus, active situation LRUS/HRUS, low and high resolution ultrasound. The vertical line represents the value of the

pooled estimate.

the included studies. These studies had a prospective clinical
observational design with primarily small to moderate sample
sizes and varying methodological quality. Few of these studies
were sparse in data (Bursch, 1987; Nahas et al., 2001; Elkhatib
et al., 2011) and some had important design flaws such as lack
of blinding for reliability studies (Liaw et al., 2011; Barbosa et al.,
2013; Mota et al, 2013), and employed statistics inconsistent
with this review's criteria (Bursch, 1987; Nahas et al., 2001;
Mendes et al., 2007; Elkhatib et al., 2011; Mota et al, 2012).
Additionally, none of the studies presented data on longitudinal
validity or responsiveness.

4.5. Directions for future research

Given the limitations of the current evidence on the psycho-
metric properties of DRAM measurement methods, future research
needs to ensure adequately powered high quality prospective
studies are undertaken which are evaluated using appropriate
statistical methods. These studies should be focussed on examining
forms of reliability (test—retest, inter- and intra-rater reliability)
and responsiveness of clinically feasible ‘standardised palpatory
measurement methods’ such as calipers, tape-measures and
standardised finger width. Also criterion validity of these palpatory
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methods compared to ultrasound as the reference standard should
be investigated. This future psychometric research could help
determine the suitability of these methods related to their mea-
surement purpose (screening or measurement).

5. Conclusion

Ultrasound has been found to be a reliable method across a
range of measurement situations, but might have clinical feasibility
issues. Calipers are clinically feasible and available measurement
information supports its use for clinical practice. Although sup-
portive evidence on longitudinal validity is advised, it may also
have potential as a measurement method to monitor DRAM width
in evaluative research. Despite its wide use in daily practice, the
‘finger width’-method has been under-evaluated with regards to
measurement properties, but may be a valuable method for
screening women for DRAM presence. Additional high quality
measurement studies are warranted to evaluate longitudinal
responsiveness of these methods, substantiate further the potential
of calipers to adequately screen for presence of DRAM and monitor
DRAM width (compared to ultrasound), and confirm the potential
of the ‘finger width’-method to screen for presence of clinically
important DRAM.
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