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Assessment of diastasis recti abdominis: Clinimetric 
properties of four measuring instruments

Introduction

Significant anatomical and physiological changes occur 
during pregnancy which enables the woman to accommodate, 
nourish, and cater for the growing fetus. These changes which 
are hormone mediated, together with sustained increase in 
intra-abdominal pressure from the growing fetus, facilitate the 
stretching and flaccidity of the linea alba-a tendinous raphe 
between the paired rectus abdominis muscles in the anterior 
abdominal walls causing elongation of the muscles with 
resultant increase in the distance between its medial borders.[1] 
The distance between the paired rectus abdominis muscle is 
referred to as inter-rectus distance (IRD), while an increased 
IRD, due to abnormally excessive separation between both 
components of the muscle along the linea alba, is termed 
diastasis recti abdominis (DRA), rectus abdominis diastasis, 
or divarication of rectus abdominis muscles.[2,3]

The most common anatomical location for DRA in females 
is at the level of the umbilicus, although it may extend to the 
supra/infra-umbilical regions,[4] involving different sites along 
the linea alba.[4-7]

Several treatment options are available for the management 
of DRA but physiotherapy has been the most widely 
utilized conservative measure of DRA management with 
its effectiveness reported in several studies.[8-12] To facilitate 
physiotherapeutic intervention, successful diagnosis, and 
evaluation of outcome measures are dependent on the use 
of valid and reliable assessment techniques. Therefore, 
sound clinimetric properties are necessary pre-requisite for 
the choice of measuring instruments. Available methods for 
measuring DRA in Physiotherapy and in most health-care 
practices include the use of calipers, tape measure, computed 
tomography, magnetic resonance, ultrasound, and the 
traditional finger width (palpation) method.[4,8,13-21]

These measurement methods are used cross-culturally 
with each possessing its benefits and limitations. The 
gold standard instrument for the measurement of IRD is 
the conventional ultrasound imaging (USI), because it 
compares favorably to intraoperative surgical compass 
measurements,[22] while producing consistent results between 
days.[23] Moreover, it provides a measure of IRD on a 
continuous scale, increasing its responsiveness. However, 
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its cost is astronomical and requires extensive examiner 
training and clinical mastery.[24] Furthermore, its availability 
and accessibility to physiotherapists in developing countries 
are not guaranteed.

Palpation method, the predominantly used measure in clinical 
diagnosis,[25] involves the use of fingers to feel the medial 
borders of the rectus abdominis muscles. Diagnosis is made 
based on the number of fingers that fit between the medial 
borders of the rectus abdominis muscles. However, there are 
no standard guidelines on the positioning of the palpating 
fingers relative to its distance from the umbilicus as well as 
the starting position of the client. Nevertheless, this technique 
is easy to carry out and requires no specialist training. The 
digital calipers involve placing the inside measurement jaws 
where the palpating fingers are located at the medial borders 
of both rectus abdominis muscle bellies, with the values read 
from the screen. This instrument has the advantage of clarity 
because of the liquid crystal display screen and has no need 
for recalibration. However, its utilization of alkaline cell 
batteries may be an encumbrance, as well as its sensitivity to 
weather changes.

The most recent innovation for IRD measurement is the 
diastometer, invented in 2015 by Tupler.[26] It has two 
components, a distance-measuring component adapted to 
measure the DRA distance and a depth-measuring component 
adapted to measure the depth of DRA. Measurement is 
done by wearing this device as a belt around the abdomen, 
ensuring that the reference point, a red dot positioned at the 
center of the measuring strip aligns with the umbilicus. The 
values are obtained by sliding the indicator loops into the 
position, marked by the palpating fingers, and are read off 
from the location of the indication loops with respect to the 
indicia on the tape.[26] The depth of the IRD is determined by 
depressing the clad forefinger finger sock component gently 
into the abdomen with the lower measurement visible on 
the finger sock determining the depth. This dual property 
of the diastometer makes it unique among the instruments 
under review. Despite accreditations to its effectiveness in 
the assessment of DRA, there are no empirically proven 
documentations on its validity and reliability, relative to 
other standardized measurement tools. Previously, some 
authors have reported validity and reliability results for 
other measuring tools, including calipers,[17,27,28] palpation 
technique,[29,30] and ultrasound.[22,23,31] However, considering 
variations in their study designs and findings, there is still a 
need to further evaluate the clinimetric properties of these 
measurement tools, especially in a different geographical 
location. Furthermore, investigating each instrument’s 
concurrent validity against the gold standard (USI) is a 
surefire way of proving their clinical utility. Thus, this study is 
designed to determine the construct validity of the diastometer, 
inter- and intra-rater reliability of the diastometer, calipers, 
and palpation techniques as well as the concurrent validity of 
all three against conventional USI.

Methods

This study which utilized a methodological design, a variant of 
observational study designs, was carried out at the Department 
of Physiotherapy, Enugu State University teaching Hospital 
Park Lane (ESUTHP) Enugu, Nigeria. Participants included 
purposively selected parous women (20–45 years of age) who 
have experienced 1–4 childbirths and presented for postpartum 
checkup or routine infant immunization at the above-named 
hospital during the period of this study (April–July 2019). The 
exclusion criteria included: (1) A history of recent abdominal 
surgery as the scars may obscure the lines alba, (2) neck and 
low back pain of ≥3-month duration which may limit the 
appropriate performance of the testing procedures which 
involved a head tilt and supine lying position, respectively, 
and (3) pregnancy which may alter study findings due to 
hormonal changes.

For a significant Pearson product moment correlation at a 0.05 
level of significance, a power of 0.90, and a medium effect size 
of 0.30, 92 participants were needed for this study.[32]

To control for subject attrition, 97 participants were recruited 
but only 90 successfully completed this study.

Ethical approval was obtained from both the Research Ethics 
Committee College of medicine, University of Nigeria, Enugu 
campus, and the Research, Education, and Training Committee 
(RET) of ESUTHP, Enugu, Nigeria. All participants gave 
written informed consent before participation in the study.

Study procedures
Each participant underwent IRD measurements from three 
different abdominal locations, using each of the study 
instruments (USI, palpation technique, digital calipers, and 
diastometer), respectively. With participants adopting a 
comfortable supine position on the examination couch, three 
reference points were measured out with a tape measure and 
marked with a water-soluble marker. These points include 
4.5 cm above the umbilicus, at the umbilicus, and 4.5 cm below 
the umbilicus. These locations have previously been used to 
measure IRD in the previous studies.[17,33-36]

Each of the measurements was taken by two physiotherapists 
with 2 and 14 years of clinical experiences, respectively, 
except for the ultrasound measurement which was taken by a 
single sonographer (8 years of clinical experience). Each rater 
was blinded to the measurement results of the other. For the 
purpose of assessing the intra-rater reliability of the palpation 
technique, digital calipers, and diastometer measurements, 
each of the procedures was repeated 1 week after the initial 
measurement. To prevent cross-contamination of infections, 
the instruments and participant’s anterior abdominal wall were 
cleaned with cotton wool and methylated spirit pre and post 
each assessment.
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Ultrasound measurement
Using a Toshiba Diagnostic Ultrasound with 7.5 mHz linear 
probe (Model UIPS-510A), the sonographer performed the 
USI measurements while the participant assumed a supine 
lying position with knees and hips flexed at 90 degrees each. 
The sonographer instructed them to perform a head lift which 
involved some degrees of trunk flexion while fixing the eyes on 
the umbilicus. The transducer was then placed at each marked 
location, the medial borders of the rectus abdominis muscles 
were captured and the distance between both marked using 
the onscreen cursor.

Palpation technique measurement
A starting position similar to the ultrasound measurement 
was adopted for this technique. Using the tips of the four 
fingers, the physiotherapist palpated the medial borders of 
the rectus abdominis muscles, along the linea alba. On close 
identification of these borders, the physiotherapist inserted 
her fingers (as many as could fit) between both borders to 
determine the IRD width. We were challenged with estimating 
finger breadth values in standard SI units, considering that 
there was a paucity of empirical data on standard finger 
breadth measurements of Africans. Thus, we conducted a 
pilot study which assessed the breath of the index and middle 
fingers of 50 adults (22 males, 28 females), using a flexible 
measuring tape. The average values were 1.4 cm and 1.6cm 
for the index and middle fingers, respectively. These average 
values were used to estimate the IRD during the palpation 
technique of assessment in this study.

Digital calipers measurement
The starting position was the same as for the ultrasound 
measurement. The rater placed the inside measurement jaws 
of the digital calipers (RoHS model) at the locations of the 
medial borders of the participant’s rectus abdominis muscles, 
as palpated with the fingers. The jaws were then adjusted to 
observe IRD width.

Diastometer measurement
Again, the starting position was the same as with all the other 
measurement techniques. However, the distance-measuring 
component of the diastometer was worn as a belt encircling 
each participant’s torso. The diastometer’s reference point, 
which is a red dot, was positioned at the center of the measuring 
strip in alignment with each participant’s umbilicus. The values 
were obtained by sliding the indicator loops into the position 
marked by the rater’s fingers. The value was then read of with 
respect to the indicia on the tape. The depth of the IRD was 
subsequently determined using the finger sock component of 
the diastometer. This was done by gently depressing the finger 
sock-clad forefinger into the abdomen at the various reference 
points. The lower measurement visible on the finger sock was 
the depth of the IRD at that point on the abdomen.

Data analysis
Statistical analyses were performed in SPSS for windows 
version 21.0. Descriptive statistics of mean and standard 
deviation were used to summarize data. To determine the 
intra and inter-rater reliability, two-way random effects 
models of intraclass correlations (ICC2:1 and ICC2:2) with 
95% confidence interval were used. ICC scores of <0.40 were 
considered poor; 0.40–0.59 fair/moderate; 0.60–0.74 good, and 
greater than 0.75 excellent.[37]

The standard errors of measurement were calculated. The 
concurrent validity of the palpation technique, digital calipers, 
and diastometer as compared to USI was computed with two-
way random effects model of intraclass correlations (ICC2:2) 
and statistical difference checked with paired samples t-test 
with statistical significance set at P ˂ 0.05.

To graphically determine the degree of agreement between 
USI, palpation, digital calipers, and diastometer measurements 
of IRD, a Bland-Altman plot was constructed.

Results

The mean age of the participants was 32.71 ± 5.27 [Table 1] 
while the majority of the women had spontaneous vaginal 
deliveries (72.2%), were multiparous (63.3%), and within 
<1-year postpartum duration (50%) as shown in Table 2. 
The intra and inter-rater reliability of palpation technique for 
measurement of IRD are presented in Table 3. The intra-rater 
reliability was excellent at the three points of measurement 
(ICC2.1: 0.749–0.967) while the inter-rater reliability 
was good at the umbilicus (ICC2.2: 0.658) and excellent 
above and below the umbilicus (ICC2.2: 0.874 and 0.917), 
respectively. The digital calipers technique for measurement 
of IRD has excellent intra-rater reliability at the three points 
of measurement (ICC2.1: 0.750–0.955). It has good (ICC 
2.2: 0.685) to excellent (ICC2.2: 0.862–0.904) inter-rater 
reliability as shown in Table 4. The intra-rater reliability 
for measuring IRD with the diastometer was excellent at 
all three reference points (ICC2.1: 0.762–0.958), while the 
depth showed good (ICC2.1: 0.652) at the umbilicus but 

Table 1: Age and anthropometric characteristics of the 
participants
Variable Mean±standard 

deviation
Minimum Maximum

Age (years) 32.71±5.27 20 45

Weight (Kg) 79.08±13.72 51.0 130

Height (M) 1.63±0.06 1.46 1.74

BMI (Kg/m2) 29.69±5.19 21.77 48.93

Waist circumference (cm) 91.96±11.44 52 125

Hip circumference (cm) 106.03±9.35 82 141

Waist-to-hip ratio 0.87 ± 0.06 0.63 1.00
BMI: Body mass index
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was excellent (ICC2.1: 0.837 and 0.946) above and below 
the umbilicus, respectively. The inter-rater reliability of 
the diastometer for measurement of IRD was fair/moderate 
(ICC2.2: 0.471) at the umbilicus and excellent (ICC2.2: 0.881 
and 0.902) above and below the umbilicus, respectively. It also 
showed good to excellent (ICC2.2: 0.723–0.906) for depth 
as shown in Table 5. Table 6 presents the concurrent validity 
of palpation, digital calipers, and diastometer against USI 
in IRD measurement. The palpation (ICC2.2: 0.007–0.256), 
digital calipers (ICC 2.2: 0.035–0.304), and diastometer 
(ICC2.2: 0.159–0.250) showed poor levels of agreement 
between the IRD values measured with USI at the three 

reference points. Comparisons of IRD measurements with 
palpation, digital calipers, diastometer, and USI showed 
significant difference (P = 0.000) at the level of the umbilicus 
only as shown in Table 7. Bland-Altman plot showed a poor 
level of agreement at all reference points Figures 1-3.

Discussion

This study investigated the intra- and inter-rater reliability 
of measures in the diagnosis of DRA i.e. palpation, digital 
calipers, and diastometer as well as their concurrent validity 
against USI. Most of the participants were overweight, 
multiparous women who delivered through spontaneous 
vagina delivery.

Reliability and Validity of the Palpation Technique:

This study showed that the palpation technique of measuring 
DRA has excellent intra- and inter-rater reliability. This infers 
that the palpation technique is a consistent measure for DRA 
across raters and for a single rater. There were concerns about 
differences in finger widths, thick abdominal subcutaneous fat, 
and flaccidity. However, the study findings showed excellent 
intra- and inter-rater reliability of this technique. These findings 
corroborate,[30] which similarly showed good intra-rater but 
moderate inter-rater reliability of this technique. On the 
contrary, Bursch[29] reported poor inter-rater reliability of this 
technique among four raters who measured IRD of postpartum 
women within <4-day post-delivery. The differences in the 

Table 3: Intra/Inter-rater reliability of palpation technique
Inter rectus 
distance

Measurement 1 (mm) Measurement 
2 (mm)

ICC2,1 CI P‑value SEM (mm)

Intra-rater

ABU 30.24±17.97 30.04±18.14 0.940 0.910–0.960 <0.001* 4.43

UMB 45.22±8.98 44.07±10.20 0.749 0.643–0.828 <0.001* 4.81

BEU 8.98±14.86 8.69±14.76 0.967 0.951–0.978 <0.001* 2.69

Inter-rater

ABU 22.84±15.43 30.14±17.78 0.874 0.560–0.946 <0.001* 5.91

UMB 38.04±9.94 44.64±8.99 0.658 0.195–0.828 <0.001* 5.54

BEU 9.27 ± 14.24 8.83 ± 14.69 0.917 0.874–0.945 <0.001* 4.17
ABU: Above umbilicus, UMB: Umbilicus, BEU: Below umbilicus. *Indicates significance at P ˂ 0.05, SEM: Standard error of measurement

Table 4: Intra/Inter-rater reliability of calipers technique
Inter rectus 
distance

Measurement 1(mm) Measurement 2(mm) ICC2,1 CI P‑value SEM (mm)

Intra-rater

ABU 27.64±16.43 28.88±17.00 0.947 0.919–0.965 <0.00* 3.85

UMB 42.20±9.60 42.15±9.27 0.750 0.643–0.828 <0.00* 4.72

BEU 7.87±13.34 8.39±14.06 0.955 0.933–0.970 <0.00* 2.91

Inter-rater

ABU 23.24±15.15 28.26±16.50 0.862 0.733–0.921 <0.001* 5.88

UMB 37.57±9.74 42.18±8.82 0.685 0.427–0.815 <0.001* 5.21

BEU 8.89 ± 14.39 8.13 ± 13.55 0.904 0.854–0.937 <0.001* 4.33
ABU: Above umbilicus, UMB: Umbilicus, BEU: Below umbilicus. *Indicates significance at P ˂ 0.05, SEM: Standard error of measurement

Table 2: Maternal characteristics of the participants (n=90)
Variable Frequency Percentage

Mode of delivery

SVD 65 72.2

CS 16 17.8

SVD/CS 9 10.0

Parity

Primiparous 33 36.7

Multiparous 57 63.3

Age of last child (years)

<1 45 50.0

1–2 17 18.9

>2 28 31.1
SVD: Spontaneous vaginal delivery, CS: Cesarean section, SVD/CS: Spontaneous vaginal 
delivery/cesarean section
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Table 5: Intra/Inter-rater reliability of the diastometer
Inter rectus distance Measurement 1(mm) Measurement 2(mm) ICC2,1 CI P‑value SEM (mm)

Intra-rater of Inter Rectus Distance

ABU 29.83±18.40 31.22±18.82 0.930 0.895–0.954 <0.001* 4.92

UMB 44.94±10.26 45.11±10.41 0.762 0.659–0.836 <0.001* 5.04

BEU 8.22±14.35 8.39±14.49 0.958 0.937–0.972 <0.001* 2.96

Inter-rater of Inter Rectus Distance

ABU 27.78±18.70 30.53±18.29 0.881 0.818–0.922 <0.001* 6.38

UMB 45.79±13.48 45.03±9.70 0.471 −0.168–0.743 <0.001* 8.54

BEU 10.28±17.93 8.31±14.26 0.902 0.850–0.936 <0.001* 5.07

Intra-rater Depth of Inter-rectus Distance

ABU 17.83±10.81 15.89±9.79 0.837 0.746–0.894 <0.001* 4.16

UMB 28.74±8.15 26.17±7.57 0.652 0.476–0.770 <0.001* 4.64

BEU 5.79±8.99 6.22±9.95 0.946 0.919–0.964 <0.001* 2.20

Inter-rater Depth of Inter-rectus Distance

ABU 18.41±12.62 16.86±9.92 0.858 0.784–0.906 <0.001* 4.27

UMB 30.78±10.22 27.46±7.22 0.723 0.541–0.827 <0.001* 4.66

BEU 7.72 ± 12.94 6.06 ± 9.36 0.906 0.854–0.939 <0.001* 3.46
ABU: Above umbilicus, UMB: Umbilicus, BEU: Below umbilicus. *Indicates significance at P˂0.05, SEM: Standard error of measurement

Table 6: Level of agreement between inter‑rectus distances measured with palpation, digital calipers, diastometer, and ultrasound 
imaging
Inter rectus distance Palpation (mm) Ultrasound (mm) ICC2,2 CI P‑value SEM (mm)

ABU 30.14±17.78 26.80±6.65 0.265 −0.104–0.513 0.070 11.51

UMB 44.64±8.99 17.44±4.71 0.007 −0.039–0.070 0.393 7.15

BEU 8.83±14.69 10.35±3.21 0.160 −0.276–0.447  0.207 9.74

Caliper (mm)

ABU 28.26±16.49 26.80±6.65 0.304 −0.058–0.542 0.045* 10.49

UMB 42.18±8.82 17.44±4.71 0.035 −0.051–0.145 0.119 6.95

BEU 8.13±13.55 10.35±3.21 0.165 −0.259–0.447 0.195 9.00

Diastometer (mm)

ABU 30.53±18.29 26.80±6.65 0.250 −0.125–0.502 0.083 11.92

UMB 45.03±9.70 17.44±4.71 0.025 −0.045–0.117 0.181 7.52

BEU 8.31 ± 14.26 10.35 ± 3.21 0.159 −0.272–0.444 0.206 9.48
ABU: Above umbilicus, UMB: Umbilicus, BEU: Below umbilicus. Ultrasound measured in crook lying with head lift, SEM: Standard error of measurement

Table 7: Comparisons of inter‑rectus distance measurements with palpation, digital calipers, diastometer, and ultrasound imaging
Inter rectus distance Mean difference t‑value CI P‑value

Palpation

ABU 3.35±17.44 1.820 −0.30622–6.99733 0.072

UMB 27.20±10.01 25.785 25.10093–29.29240 <0.001*

BEU −1.52±14.37 −1.003 −4.53026–1.49026 0.318

Digital calipers

ABU 1.46±16.11 0.861 −1.91259–4.83704 0.392

UMB 24.73±9.35 25.078 22.76801–26.68643 <0.001*

BEU −2.23±13.28 −1.591 −5.00856–0.55412 0.115

Diastometer

ABU 3.73±17.98 1.968 −0.03600–7.49378 0.052

UMB 27.58±10.25 25.535 25. 43385–29.72615 <0.001*

BEU −2.05 ± 13.97 −1.390 −4.97403–0.87848 0.168
ABU: Above umbilicus, UMB: Umbilicus, BEU: Below umbilicus, *Indicates significance at P˂0.05
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Figure 1: Bland Altman plots of IRD (mm), comparing palpation technique and USI measurements (a) above the umbilicus, (b) at the umbilicus, 
and (c) below the umbilicus

a b

c

Figure 2: Bland Altman plots of IRD (mm), comparing calipers technique and USI measurements. (a) Above the umbilicus, (b) at the umbilicus, 
and (c) below the umbilicus

a b

c
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study findings may be attributed to the number of raters per 
study as well as their finger anthropometric characteristics.

The IRD values obtained with the palpation technique showed 
no agreement with the USI values. There were also significant 
variations between their recorded values. These findings 
suggest that the palpation technique cannot be considered 
a valid modality for DRA measurement, relative to the gold 
standard USI. This is supported by a prior study[29] which 
reported a similar outcome, showing poor validity of the 
palpation technique. Interestingly, another study[38] claimed that 
this technique has good concurrent validity. These variations 
are hardly surprising given that the measurement system of 
the palpation technique and USI differ considerably. It should 
be noted that USI measurement is on a continuous scale in 
millimeters while the palpation technique is based on finger 
width estimations.

Reliability and validity of the digital calipers
This study demonstrated good to excellent intra-rater and inter-
rater reliability for the digital calipers. This evidence presents 
digital calipers as a reliable clinical tool for assessing DRA 
within and across raters. This finding concurs with the previous 
studies[17,27-39] which showed excellent intra-rater reliability, 
with high inter-rater reliability demonstrated in.[17,40]

The concurrent validity outcomes of the digital calipers showed 
no variations across the three measurement points. It recorded 
poor agreement with USI findings at all three reference points. 
This is in agreement with[40] but at variance with studies[31,38,39] 

which reported that it has good concurrent validity when 
used for DRA measurements above the umbilicus and below 
the umbilicus.[38] This lack of agreement between the digital 
calipers and USI may be attributed to the inherent weakness of 
the calipers as it cannot delineate body structures but the USI 
can, as different body structures reflect sound waves differently.

Reliability and validity of the diastometer
This study showed that the diastometer has good to excellent 
intra- and inter-rater reliability IRD assessment. The diastometer 
is a novel instrument for measuring IRD. At present, there is 
a paucity of related data on its clinimetric properties to fuel 
further discussion of the present study findings. This gap in 
knowledge about this instrument is one this study aimed to 
fill, further adding to its novelty. Nevertheless, its structure 
and mechanism of operation may give it an edge over other 
modalities because of its ability to measure diastasis depth. 
Relative to its function of measuring diastasis depth, this study 
also showed good to excellent intra-rater reliability for the 
diastometer. Its inter-rater reliability for assessing diastasis 
depth was moderate to excellent. In consideration of the above, 
the diastometer is seemingly a reliable tool for measuring IRD 
and depth within or across raters. These findings support the 
claims of its inventor[26] that it can be used for self-evaluation 
by patients without recourse to the clinician. Furthermore, the 
reliability of the depth component makes it clinically useful 
for both assessment and management of DRA.

This study revealed poor concurrent validity of the diastometer 
against USI at all the reference points. This suggests that 

Figure 3: Bland Altman plots of IRD (mm) comparing diastometer and USI measurements. (a) Above the umbilicus, (b) at the umbilicus, 
and (c) below the umbilicus

a b

c
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this modality cannot be used as a replacement of the gold 
standard USI. Its use as a stand-alone assessment tool may be 
problematic as the diagnosis would require USI confirmation. 
USI is considered to possess a high level of accuracy even when 
compared to intraoperative surgical compass.[22]

Conclusion

The palpation, calipers, and diastometer techniques are reliable 
measures of DRA but not valid substitutes to USI for the 
assessment of DRA. The use of these instruments for clinical 
assessment of DRA should be recommended, particularly in 
scenarios where USI is neither accessible nor affordable.
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