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Objective: The purpose of this study was to determine the digital caliper’s interrater reliability in measuring the
interrecti distance and its accuracy in diagnosing the diastasis of the recti abdomini muscles (DRAM) in the third
trimester of pregnancy compared with ultrasound.
Methods: Fifty-four pregnant women were included. Measurements were taken in supine, during trunk flexion and
expiration, in the supraumbilical region, in the umbilical scar (US), and in the infraumbilical (IU) region, at first by
ultrasonography (USG) and then by the 2 digital caliper’s examiners. The 3 evaluators were independent and blind.
Results: In the interrecti distance measurement, comparing the 2 calipers’ evaluators, the instrument showed an intraclass
correlation coefficient (ICC) of 0.86 (95% CI: 0.72-0.92) in the supra-umbilical and ICC of 0.96 (95% CI: 0.92-0.98) in the
US. Compared with the USG, the instrument showed the worst interrater reliability in the US (ICC�0.14; 95% CI:�0.39
to 0.13). In diagnosing DRAM, comparing calipers’ evaluators, kappa was 0.56 (P< .01) for the IU region and 0.12
(P = .19) for the US region. When compared with the USG, kappa was 0.02 (P = .84) for the IU region and 0.05 (P = .59)
for the US. In the US, the caliper presented a positive likelihood ratio of 1.05 (95% CI: 0.86-1.30) and a negative likelihood
ratio of 0.63 (95% CI: 0.12-3.43).
Conclusion: The digital caliper did not present good interrater reliability in measuring or in diagnosing the DRAM
during the third trimester of pregnancy compared with ultrasound. (J Chiropr Med 2020;19;136-144)

Key Indexing Terms: Abdominal Muscles; Pregnancy; Ultrasonography; Reproducibility of Results; Sensitivity and
Specificity
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The diastasis of the rectus abdominis muscle (DRAM) is
defined as a separation of the muscle beams of the rectus
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abdominis from the linea alba, which increases the inter-
recti distance (IRD).1-3 It is associated with genetic factors,
and with conditions such as obesity, excessive weight loss,
excess exercise, and pregnancy.4 The prevalence in the preg-
nant population varies among studies from 30% to 70% in
the third gestational trimester.1,5

The DRAM may lead to severe implications for the
abdomen, resulting in sagging and bulging of the abdomi-
nal wall.3,6 Although this condition does not directly cause
discomfort or pain, in cases of excessive strain, it may
interfere with abdominal muscle functionality and generate
greater predisposition to various disorders such as back
pain and aesthetic and urogynecological problems.7-9

Several methods to diagnose this condition have been
reported in literature.3 The variety of measurement methods
used among the studies leads to a lack of standardization,
making it difficult to compare their findings. At first, palpa-
tion was the method used to measure the IRD,5,9,10 and in
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these cases it was considered DRAM if the IRD was greater
than 2 fingers. However, the current literature points out
that subcutaneous fat and excessive abdominal flabbiness
can interfere with measurements and that the finger’s width
may vary among people, which makes palpation an unreli-
able method to diagnose DRAM.11-13

Currently, the method of choice considered the gold
standard for evaluation of the abdominal wall and hence
measurement of DRAM is the computed tomography scan.
However, besides being an expensive method, it exposes
the patient to radiation, and thus it cannot be used on preg-
nant women.11,13 Therefore, ultrasonography (USG) has
been proposed as an alternative to evaluate the abdominal
wall, especially during pregnancy. One study demonstrated
it as an accuracy method of measuring DRAM, especially
in the supraumbilical (SU) level and at the umbilicus.11

Digital calipers have also been reported as a method to
measure the IRD and thus to diagnose DRAM, and it has
been used in several studies.2,8,13-16 Recently, a system-
atic review17 aimed to investigate the best method to
screen for DRAM presence and monitor DRAM width.
Only 3 studies13,15,18 that evaluated calipers as a measure-
ment tool to screen for DRAM were identified. All of
them happened during puerperium, and only 1 study15

evaluated the instrument’s accuracy. According to the raw
data presented by the study, a systematic review calcu-
lated the following: sensitivity of 89.7%, specificity of
75%, and positive predictive value of 82.5%, although
there was no confidence interval (CI) and the study was
biased.

Therefore, the purpose of the present study was to
determine the interrater reliability of digital calipers in
measuring the IRD and its accuracy in diagnosing the
DRAM during the third trimester of pregnancy compared
with the ultrasound.
Fig 1. DMRA measurement position. Patient in dorsal decubitus, hi
Lateral flexion of the trunk during expiration.
TAGGEDH1METHODSTAGGEDEND

This was an accuracy and reliability study, under
Standards for Reporting of Diagnostic Accuracy19 and
Guidelines for Reporting Reliability and Agreement Stud-
ies20 orientation. The Standards for Reporting of Diagnos-
tic Accuracy was used to assess the diagnostic study and
Guidelines for Reporting Reliability and Agreement Stud-
ies to evaluate the reliability. It took place in a maternity
ward in the city of Campina Grande, Brazil.

The sample consisted of 54 pregnant women in a nonpro-
babilistic sequential manner, between the 28th and 41st
weeks of gestation, aged from 18 to 35 years. The exclusion
criteria were as follows: high-risk gestation with rest recom-
mendation, incapacity to understand or carry out the proce-
dure, and neuromuscular disorders. After being invited to
join the study, the participants freely consented to participa-
tion by signing the informed consent term. The study had
the approval of the Ethical and Research on Human Beings
Committee of Hospital Universit�ario Alcides Carneiro under
protocol number CAAE 30780314.2.0000.5182.

All women were submitted to an evaluation consisting
of the collection of socioeconomic (age, education), clinical
(gestational age, gestation, and parity number), and anthro-
pometric (weight, pregestational weight, height, body mass
index, nutritional status—according the criteria of Atalah
et al21—weight gain, and waist circumference measure)
data. One examiner who was previously trained assessed
the DRAM by USG (Philips HD3xe, linear transducer of
5-9 MHz) (Fig 1).

Ultrasonography was used as the gold standard for
DRAM evaluation, as magnetic resonance imaging is con-
traindicated during pregnancy. Ultrasonography has the
advantage of not being invasive and ionizing, which is why
it has been referred to as the gold standard for the diagnosis
of DRAM in pregnant women.11,14
ps and knees flexed, and feet supported on the supporting surface.
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The participants were placed in a dorsal decubitus posi-
tion, with hips and knees flexed, feet placed on bed, and
arms resting on each side of the body.3,10,13,14,22 In this
position, the abdomen was marked at the points located at
the SU region (3 cm above the umbilicus), in the umbilical
scar (US), and in the infraumbilical (IU) place (2 cm bellow
the umbilicus). The first examiner placed the USG transver-
sally in each of the points previously marked and instructed
the patient to flex the trunk during exhalation until the
lower borders of the scapula no longer touched the bed,
and then the IRD was measured (Fig 2).

After this first evaluation, 2 different examiners who were
previously trained measured the IRD using a digital caliper
(Starrett 799) to measure the IRD to identify the DRAM and
compare it with the use of USG. The measurements were
taken in the same points and position described before.

Each examiner performed measurements 3 times at each
point, and there was blindness for all the measurements.
The mean of the 3 measurements were used in the data
interpretation.

To classify the participants with DRAM positive or neg-
ative, we took into consideration the study of Beer et al23

of nulliparous women, to the supraumbilical and infraum-
bilical points. According to this study, an IRD greater than
2.2 cm SU and over 1.6 cm IU were considered DRAM
positive. For the US it was considered DRAM positive at
measurements greater than 2.0 cm, according to Boisson-
nault and Blaschak.5

The IRD measurements were presented as means, stan-
dard deviations (SDs), minimum, maximum, and CIs at
Fig 2. Abdominal USG image of supraumbilical region of study pa
and feet resting on the bed. (A) The DIR of 1.44 cm at rest. (B) The D
DIR obtained in abdominal contraction were taken. IRD, interrecti d
95%. The means of the 3 IRD measurements of the first
examiner were calculated, as were the means of both cali-
pers’ evaluators. Then, the mean of the measurements
obtained by the first examiner were compared with the mean
of the 2 calipers’ evaluators. The prevalence of DRAM was
presented through absolute number and frequency.

The results of the benchmark test (digital caliper) for
each local measurement (SU, US, and IU) were compared
with the gold-standard test results (ultrasound) through a
2£ 2 table, and from there, the kappa was calculated, with
CI at 95% to obtain the caliper’s interrater reliability in
diagnosing the DRAM condition (DRAM positive or nega-
tive). Also, the intraclass correlation coefficient (ICC), with
CI at 95%, was calculated to present the instrument’s inter-
rater reliability in measuring the IRD. The accuracy varia-
bles, such as sensibility, specificity, negative and positive
predictive values, and positive and negative likelihood
ratios with CI at 95%, were also calculated.

For the statistical analysis, the SPSS software version
20.0 (IBM SPSS Statistics for Windows, Version 20.0,
IBM Corp., Armonk, NY) and the Stata software (Statacorp
LLC, College Station, TX) were used.
TAGGEDH1RESULTS TAGGEDEND

The sample consisted of 54 pregnant women with a mean
age of 24.6 (SD = 5.58) years, a mean gestational age of 34.3
(SD = 3.44) weeks, an average of 2.2 (SD = 1.41) gestations,
and an average body mass index of 29.3 (SD = 5.14) kg/m2.
rticipant, in dorsal decubitus position, with flexed hips and knees
IR of 1.7 cm during expiration and contraction. Measurements of
istance; RA, rectus abdominis; USG, ultrasonography.



Table 1. Description of Socioeconomic, Clinical, and Anthropometric Variables in Third Trimester Pregnant Women

Mean SD Minimum Maximum 95% CI

Age (y) 24.6 5.58 18 37 23.22-26.06

Years of study 8.7 3.56 0 20 7.80-9.59

Gestational age (wk) 34.3 3.44 28 41 33.35-35.21

No. of gestation 2.2 1.41 1 7 1.87-2.61

No. of births 1.0 1.20 0 4 0.70-1.35

BMI (kg/m2) 29.3 5.14 19.9 43.7 27.94-30.6.1

WC (cm) 108.0 19.04 88.1 190.0 103.46-114.03

Weight gain (kg) 11.2 6.48 2.5 37.0 9.62-12.94

BMI, body mass index; CI, confidence interval; SD, standard deviation;WC, waist circumference.
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A total of 35.2% of the sample was classified as eutrophics,
27.8% were considered as presenting overweight, 24.1%
were obese, and 13% were considered low weight by the cri-
teria of Atalah et al21 (Table 1).

Both USG and digital caliper showed that the greater
IRD width was at the US spot (USG: 2.4 cm, SD = 0.74;
digital caliper: 2.66 cm, SD = 0.5) (Table 2). The frequency
of DRAM varied according to the measurement point, and
the highest values were found at the US (70.3%) (Table 2).
Ultrasound vs Digital Calipers Interrater Reliability
The interrater reliability between digital calipers and USG

in measuring the IRD showed an ICC of �0.11 (95% CI:
�0.36 to 0.16) in the SU, �0.07 (95% CI: �0.33 to 0.20) in
the IU, and�0.14 (95% CI: �0.39 to 0.13) in the US.

When considering the interrater reliability of the
instrument for diagnosing DRAM, the instrument
Table 2. Description of the Interrecti Distance Obtained Through
the Ultrasonography (USG) and Digital Caliper, During Exhala-
tion Followed by Trunk Flexion, in the Anatomic Points Estab-
lished in Literature

Mean SD Minimum Maximum 95% CI

USG

SU (3 cm) 1.60 0.72 0.49 4.00 141-1.78

CU 2.40 0.74 0.88 4.00 2.20-2.60

IU (2 cm) 1.80 0.68 0.34 3.50 1.63-1.98

Digital caliper

SU (3 cm) 1.35 0.28 0,.96 2.01 128-1.42

US 2.66 0.50 1.84 3.78 2.54-2.80

IU (2 cm) 1.64 0.27 1.17 2.34 1.57-1.71
showed a kappa value of 0.02 (P = .84) for the IU and
0.05 (P = .59) for the US points (Table 3). It was not
possible to calculate this variable for the SU point
owing to the lack of positive cases diagnosed in that
region by the digital caliper.
Digital Calipers Interrater Reliability
For the interrater reliability of the IRD measurements,

the instrument presented a substantial reliability (>0.80),
in the SU point (ICC 0.86; 95% CI: 0.72-0.92) and at the
US (ICC 0.96; 95% CI: 0.92-0.98) (Table 4).

The analysis of Bland-Altman plots (Fig 3) indicates a
substantial variability of the measures for the 3 points mea-
sured, especially in the US.

When comparing the 2 digital caliper evaluators in diag-
nosing DRAM, the instrument demonstrated a kappa value
of 0.56 (P < .01) in the IU spot, and a kappa result of 0.12
(P = .19) in the US level. It was not possible to calculate
the kappa in the SU region owing to the lack of DRAM
cases diagnosed by the digital caliper (Table 3).
Table 3. Digital Caliper’s Reliability Regarding the Presence or
Absence of RAD in Pregnant Women in the Third Trimester of
Gestation

Local
Kappa
Paq/Paqa P Value

Kappa
USG/ Paqb P Value

Supraumbilical (3 cm) c c c c

Umbilical scar 0.12 0.19 0.05 .59

Infraumbilical (2 cm) 0.56 0.00 0.02 .84

Pac, Pachymeter; RAD, recti abdomini diastasis; USG, ultrasonography.
a Between the 2 caliper’s evaluators.
b Between USG and caliper.
c It was not possible to be calculated because of the lack of positive
cases identified by calipers in this spot.



Table 4. Digital Caliper’s Interrater Reliability Regarding the Quantitative Measurements of the IRD, Between Caliper and USG and
Between the 2 Caliper’s Evaluators, in Pregnant Women in the Third Trimester of Gestation

Measurement Spot ICCa (95% CI) Cal/USG ICCb (95% CI) Cal/Cal

Supraumbilical (3 cm) �0.11 (�0.36 to 0.16) 0.86 (0.72-0.92)

Umbilical scar �0.14 (�0.39 to 0.13) 0.96 (0.92-0.98)

Infraumbilical (2 cm) �0.07 (�0.33 to 0.20) 0.79 (0.59-0.89)

The values in parentheses refer to the distance (cm) from the point where the measurements were taken to the umbilical scar.
Cal, caliper; CI, confidence interval; ICC, intraclass correlation coefficient; IRD, interrecti distance; USG, ultrasonography.
a ICC between caliper and USG.
b ICC between the 2 caliper’s evaluators.

Belo et al Journal of Chiropractic Medicine
Caliper’s Use in Rectus Abdominis Muscle in Pregnancy June 2020

140
Accuracy Results
The digital caliper’s accuracy varied according to the

location of measurement. Considering the US, the instru-
ment showed the following results: sensibility (92.1%;
95% CI: 78.6-98.2), positive predictive value (71.4%; 95%
CI: 56.7-83.4), specificity (12.5%; 95% CI: 1.9-38.3), and
Fig 3. Bland-Altman plots showing the reliability of digital calipers
and (C) 2 cm infraumbilical point. USG, ultrasonography.
negative predictive value (NPV) (40%; 95% CI: 6.4- 84.6)
(Table 5).

The results seen in the SU point were specificity of
100% (95% CI: 91.9-100), negative likelihood ratio of
1.00, and NPV of 81.4% (95% CI: 68.5-90.7). In the SU
analysis of sensibility, positive likelihood ratio and positive
compared with USG: (A) umbilical scar, (B) 3 cm supraumbilical,



Table 5. Description of Accuracy Variables Resulting From the Comparison Between Digital Caliper and Ultrasonography

Supraumbilical Umbilical Scar Infraumbilical

Sensibility % (95% CI) 0.0% (0.0-30.8) 92.1% (78.6-98.2) 56% (34.9-75.6)

Specificity % (95% CI) 100% (91.9-100) 12.5% (1.9-38.3) 51.7% (32.5-70.5)

Positive likelihood ratio a 1.05 (0.86-1.30) 1.16 (0.6-1.9)

Negative likelihood ratio 1.00 (1.00-1.00) 0.63 (0.12-3.43) 0.85 (0.48-1.41)

Positive predictive value a 71.4% (56.7-83.4) 16.6% (2.7-63.9)

Negative predictive value % (95% CI) 81.4% (68.5-90.7) 40% (6.4-84.6) 50% (30.6-69.3)

Prevalence % (95% CI) 18.5% (9.2-31.4) 70.3% (56.3-82) 57.6% (36.9-76.6)

CI, confidence interval.
a It was not possible to calculate because of the lack of cases identified by digital calipers.

Journal of Chiropractic Medicine Belo et al
Volume 19, Number 2 Caliper’s Use in Rectus Abdominis Muscle in Pregnancy

141
predictive value were impossible to be done because of the
lack of positive cases diagnosed by the digital caliper, using
the cutoff point of 2.2 cm, suggested by Beer et al 23

(Table 5).
TAGGEDH1DISCUSSION TAGGEDEND

The present study found the US as the point with the
greater IRD width and thus the higher prevalence of
DRAM. The instrument did not present good results con-
cerning its accuracy, especially in the SU point. On the
other hand, regarding the instrument’s interrater reliability,
digital calipers presented poor agreement in diagnosing
DRAM and in measuring the IRD compared with USG.

Regarding the IRD width, these findings corroborate
3 studies11,14,24 in which the authors found that the wider
IRD is seen in the umbilical level; however, other
authors1,23-26 have chosen not to measure this owing to
technical difficulties with ultrasound, and therefore some
of them 23,25,26 reported the SU region as the point with the
greater IRD width.

The fact that the second largest IRD was found in the IU
spot also differs from what has been found in literature.
Whereas the present study has found the smallest IRD
above the US, several studies11,14,23,24,27 have reported the
IU region as the narrowest IRD. One of these studies27 has
suggested that the IU region of the linea alba has a major
ability to resist stresses imposed over a greater period, as
happens during pregnancy. Nevertheless, in the present
study the population investigated consisted of pregnant
women, while the ones mentioned above were conducted
during puerperium.

Regarding DRAM frequency, the present research found
higher frequencies in the US (70.3%). Analyzing the num-
bers reported in literature, the prevalence varied among
studies from 30% to 70% in the last gestational trimester.1,5

The wide range observed in DRAM prevalence is mainly
due to the variability in the cutoff points used in different
studies. One of them14 showed different results when trying
to describe a prevalence of DRAM depending on the refer-
ence used for its classification.

Regarding the accuracy and reliability data, the present
study has dealt with the difficulty of the lack of standardi-
zation concerning the criteria for the diagnosis of DRAM.
Among studies, it is suggested that there is DRAM when
the IRD exceeds 1.5 cm,28 2 cm,3,29 2.5 cm,30 3 cm,2 or
greater than 2 fingers’ width when measured in a crook
lying position.10

After analyzing the literature, the present study took
into consideration the study of Beer et al23 because this
was the only one that presented cutoff points that were
not arbitrary, as they were derived from an analysis of
150 nulliparous women. After stratifying the sample into
percentiles, they considered DRAM in those women who
were beyond those cutoff points. The US was not evalu-
ated by their research. Then, the only study that mea-
sured the US region and presented a cutoff point was
Boissonnault and Blaschak.5

When analyzing the interrater reliability of the instru-
ment in diagnosing the presence or absence of DRAM, the
instrument varied between poor (compared with the USG)
to moderate (comparing both digital caliper examiners)
agreement. From these data, it is possible to infer that digi-
tal calipers may not be the best method to diagnose DRAM
in the third trimester of pregnancy compared with USG.

Regarding the ability of digital calipers to measure the
IRD, ICC values showed excellent interrater reliability,
especially in the US point, when comparing both digital
caliper examiners. This corroborates other studies13,22 that
presented an ICC greater than 90 for the instrument. Mean-
while, when comparing digital calipers with USG, the ICC
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demonstrated that the instrument has poor agreement.
Thus, the contrast between both ICC results shows that
ultrasound may be more suitable for measuring the IRD.

When comparing the results of kappa and ICC between
digital calipers, the digital caliper seems to be reliable in
measuring the IRD, but not reliable in diagnosing DRAM.
Compared with USG, however, the instrument does not
seem to be reliable either in measuring the IRD or in diag-
nosing DRAM.

Finally, the Bland-Altman plot corroborates the reliabil-
ity variables comparing the digital caliper and the USG pre-
sented and discussed in the present research. In all 3 points,
there was great variability between the 2 instruments,
showing no agreement in the measurement of the IRD in
the third trimester of pregnancy, compared to the USG. It is
possible to see in the plot that in the US the variability was
more evident.

The digital caliper’s reliability has been already investi-
gated in the literature,13,15,18 during puerperium, which
makes it difficult to compare with the present findings. The
studies available13,18 showed ICCs varying from 0.40 to
0.95, depending on the measurement spot and on the sit-
uation in which the measurements were taken (at rest or
during contraction). Though below the umbilicus, the
instrument presented lower agreement. The authors
added that the results indicated that the digital calipers
consistently overestimated IRD when compared to USG.

The only systematic17 review available in the literature
searched (PubMed, LILACS, CINAHL, Embase, and Med-
line) that analyzed digital calipers as instruments to assess
DRAM identified the studies discussed above as the only
available ones that assessed the digital caliper’s reliability,
and just 2 of them13,15 compared digital calipers and USG.
The authors identified among studies an ICC of 0.78 to
0.97 for test�retest, interrater, and intrarater reliability for
digital calipers. It was also reported that the available infor-
mation supports ultrasound and digital calipers as adequate
methods to assess DRAM, though all 3 studies had an
increased risk of bias and it only investigated women in
puerperium.

Regarding the digital caliper’s accuracy, it was not pos-
sible to calculate these data for the SU point because the
measurements taken by digital calipers did not reach the
cutoff point of 2.2 cm used. Because of the lack of cutoff
points in the pregnant women, this value was obtained
from a study with women in puerperium, and it may not be
suitable for pregnant women.

On the other hand, in the US spot, in spite of present-
ing a good sensibility and positive predictive value, there
was a great variability in specificity and negative predic-
tive value. The IU point, though, did not show good sen-
sibility and specificity. Besides this, when analyzing the
positive likelihood ratio and the negative likelihood ratio
of these 2 points, the CI reached the null effect, demon-
strating that the instrument did not show a good posttest
probability in diagnosing DRAM condition in the 2
points measured.

Only 1 study15 has been found that aimed to determine
the accuracy of digital calipers compared to USG to assess
DRAM. In this study, the authors evaluated points above
the umbilicus (3 cm, 6 cm, 9 cm, and 12 cm), and the cutoff
points used to diagnose DRAM were not specified. The var-
iables concerning accuracy were not presented by the
authors; they were calculated and presented by other authors
in a letter to the editor31 and in a systematic review17: sensi-
bility of 90%, specificity of 75%, positive predictive value
of 82.5%, and NPV of 84.6%. The CI was not shown,
which made it impossible to interpret these data. In addition,
the study had bias concerning the lack of blinding and that
the same examiner used the digital caliper and USG.

The authors17,30 emphasize that the choice of the instru-
ment to assess DRAM should depend on the purpose of the
evaluation. When evaluating DRAM width as a treatment
outcome, a small measurement error is desired, for which
the systematic review recommended ultrasound or digital
calipers.

Thus, in cases in which more accurate measurements are
necessary, the ultrasound must be preferred to evaluate
DRAM. Thus, we suggest the necessity of establishing a
reliable reference to define normal values of the IRD during
pregnancy, as well as the parameter to consider presence of
DRAM, so that the scientific community can better under-
stand it.
Limitations
One limitation of the present research was that there was

only 1 examiner handling the USG, and it is known as an
operator-dependent instrument. Thus, we strongly suggest
that future researchers check the interrater reliability of
USG by using 2 examiners with this instrument. Another
limitation was the lack of a calculation to estimate the sam-
ple size of the study.
TAGGEDH1CONCLUSION TAGGEDEND

From the data presented here, digital calipers were nei-
ther accurate to measure the IRD nor to diagnose the
DRAM in the third trimester of pregnancy using the cutoff
point of 2.2 cm for the SU region, 2.0 cm for the US, and
1.6 cm for the IU spot (used by most of the studies in this
field research).
TAGGEDH1FUNDING SOURCES AND CONFLICTS OF INTEREST TAGGEDEND
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Practical Applications
� This study found that calipers were not accu-
rate to diagnose DRAM during pregnancy.

� Calipers did not show good interrater reliabil-
ity in measuring the IRD.

� Calipers did not show good interrater reliabil-
ity in diagnosing DRAM.

� We suggest that if more accurate measure-
ments are necessary, USG should be consid-
ered.
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