Original Article

The ultrasound diagnostic criteria for diastasis recti and its
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Background: There has been a long-standing controversy about diastasis recti diagnostic criteria and its
relation to pelvic floor dysfunction (PFD). This study aimed to establish ultrasound diagnostic criteria for
diastasis recti and investigate the correlation between it and PFD in early postpartum females.

Methods: The inter-rectus distance (IRD) was measured at 3 locations in 116 healthy nulliparous females
and 108 postpartum females. At the same time, they remained relaxed and then maintained a head-lift
posture. The measurement for the 90th percentile was used to define the normal IRD in the nulliparous
group. Afterward, the 108 postpartum females underwent an ultrasonographic examination of pelvic floor
function. The correlations of these values with the IRD were then examined.

Results: We established the following ultrasonographic diagnostic criteria for diastasis recti: an IRD of >2 mm
at 3 cm below the umbilicus, >20 mm at the umbilicus, and >14 mm at 3 cm above the umbilicus. The IRD
was positively correlated with body mass index (BMI) in the nulliparous group (r=0.286, P<0.01) and with
age in the postpartum group (r=0.230, P<0.05). The IRD was not relative to either the PFD ultrasound
results or the clinical symptoms.

Conclusions: We established a set of ultrasonographic diagnostic criteria for diastasis recti at 3 locations

along the umbilicus. There is no clear correlation between diastasis recti and PFD in early postpartum

females.
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Introduction

Diastasis recti is are commonly defined as the separation
between the 2 sides of the rectus abdominis muscle or
simply laxity of the linea alba (1). The condition is usually
caused by abdominal expansion and hormonal changes
during pregnancy. The diastasis recti incidence is 27-100%
in women in late pregnancy and 30-68% in postpartum
women (2,3).

The inter-rectus distance (IRD) can be measured via
clinical palpation or calipers (4-6). These measurement
methods are relatively convenient but may be inaccurate
due to the thickness of subcutaneous fat and relaxation of
the abdominal wall (7,8).

Ultrasonography is regarded as the most accurate
method for measuring the IRD (7), and its results are
consistent with the data derived from palpation, calipers,
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and intraoperative measurements (9-11). However, the
differentiation between a normal IRD and pathological
separation remains controversial (12). Because there are few
studies on diagnostic criteria for diastasis rect, it is difficult
to define “normal” and “abnormal” conditions. Diastasis
recti may develop at different locations above, at, and below
the umbilicus, so the single-location diagnostic criteria used
in most recent research and the lack of agreement on the
diagnostic criteria could lead to inaccurate incidence and
high false-negative rates.

The abdominal muscle is essential for maintaining body
posture, torso and pelvic cavity stability, and abdominal
organ support (13-15). Diastasis recti can cause several
health complications, such as lower back pain and trunk
muscle dysfunction (16,17). Current treatments require a
much more individualized diastasis recti map, including
physiotherapy, prolotherapy, and surgical intervention.

Additionally, diastasis recti may have an impact on pelvic
stabilization. In 2007, >60% of patients with diastasis recti
were found to exhibit concurrent pelvic floor dysfunction
(PFD) (18). In contrast, a prospective study published
in 2017 revealed no association between diastasis recti
and PFD (19). However, neither of these studies applied
ultrasound to measure IRD, which may have led to a less
precise result.

"To define diastasis recti accurately, we first tried to set up
the ultrasound diagnostic criteria. The second goal was to
investigate the correlation between diastasis recti and PFD
in early postpartum females.

Methods
Study participants

Between September 2017 and September 2018, 108
females with weak pelvic floor muscles determined by
vaginal palpation, who underwent a routine postpartum
examination of pelvic floor function were recruited to
form the postpartum group, and 116 healthy nulliparous
female volunteers from gynecological outpatient care were
recruited to form the nulliparous group. The postpartum
group periods were 3—12 months, which avoided the
influence of natural recovery of diastasis recti (20). The
ethics approval number for this trial is KY2016-203. All
participants provided written informed consent. The
exclusion criteria were as follows: (I) the inability to perform
the head-lift posture or Valsalva maneuver; (II) poor healing
of the cesarean section incision or local skin infection; (IIT)
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participation in abdominal muscle training or rehabilitation
of the pelvic floor muscles after delivery; and (IV) avulsion
of the levator ani causing severe pelvic organ prolapse
(POP).

Equipment and personnel

The IRD was measured using the ProSound F75 system
(with a 5-12 MHz linear probe) from Hitachi-Aloka (Tokyo,
Japan) and the Supersonic Imagine system (with a 4-15 MHz
linear probe) from Supersonic Imagine (Aix en Province,
France). Ultrasonographic examinations of pelvic floor
function were performed using the Voluson E8 system (with
an RAB 4-8 MHz volume probe) from GE Medical Systems
(Tiefenbach, Austria). A senior clinician with >5 years
of experience in musculoskeletal ultrasonography
performed the IRD measurements. Three senior clinicians
with >5 years of experience in pelvic floor ultrasonography
performed pelvic floor function examinations.

Examination methods

During the examination, each participant took a supine
position on the bed with the head resting on a thin pillow
and the legs fully extended. The abdomen was fully exposed
from the xiphoid process to the pubic symphysis, and
efforts were made to ensure participant warm. The IRD
was measured at the following 3 locations, with the subject
in either a resting position or the head-lift posture: 3 cm
below the umbilicus, at the umbilicus, and 3 cm above
the umbilicus. We used a ruler to locate the probe. The
postpartum females were divided into different subgroups
based on the results. For the head-lift posture, the subject’s
head was elevated from the pillow by approximately 10 cm
while the shoulders remained on the bed. We measured the
IRD 3 times at each location and then used the mean value.
Additionally, we documented the deviation of the bilateral
rectus abdominis from the linea alba and other notable
features.

After urination, we asked the subject to perform pelvic
muscle contractions with tomographic ultrasound imaging
(TUI) to exclude levator avulsion. Afterward, the subject
was asked to perform the optimal Valsalva maneuver (with
a duration of >6 seconds), during which the area of the
levator hiatus and degree of organ prolapse in the anterior,
central, and posterior compartments of the pelvic cavity
were recorded (Figure I). In the anterior compartment lies
the bladder and the urethra; in the central compartment lies
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Figure 1 (A-C) Ultrasonographic images of the linea alba and the rectus muscles in a 20-year-old woman with a BMI of 20.5 kg/m2, G1P1.
(A) Transverse scan showing an IRD of 10 mm at 3 cm I-U; (B) 43 mm at the umbilicus; (C) 36 mm at 3 cm S-U; (D) the bladder neck

was 12 mm above the line of reference, and the lowest point of the cervix was 10 mm above the line of reference. No significant degree of

posterior compartment prolapse was observed; (E) the area of levator hiatus (dotted line) was 16 cm2. Note the distorted linea alba in (B,C).

G1P1, first pregnancy; S, symphysis pubis; B, bladder; U, uterine; R, rectal ampulla, IRD, inter-rectus distance; I-U, infraumbilical; S-U,

supraumbilical.

the uterus, cervix, and vagina; in the posterior compartment
lies the rectum ampulla and anal canal. For prolapse
quantification, we measured the distance from the bladder
neck, the lowest point of the cervix, and the rectal ampulla
to the reference line, which refers to the horizontal line
through the inferior margin of the symphysis pubis (21).
The hiatal area was measured in the rendered volume mode
by tracing the levator muscles’ inner margin. All 3 senior
clinicians calculated the data offline independently using 4D
View software (GE Healthcare, Tiefenbach, Austria).
During the measurements, we paid close attention to
the following issues. First, the rectus sheath contains the
anterior and posterior laminae. The 2 layers fuse in the
abdominal midline to form the linea alba. The posterior
lamina also creates the linea arcuata, located 4-5 cm below
the umbilicus. Below the linea arcuata, the posterior lamina
is absent. Therefore, we measured the width of the anterior
lamina in all females. Second, if the medial edge of the
rectus abdominis was difficult to identify, we asked the
participant to perform the head-lift position, as it is easier
to identify the boundary during muscle contractions. The
female was then asked to lie flat before the measurement.
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Third, we placed an adequate amount of gel on the
umbilicus to avoid gas interference. Fourth, if the IRD
was too wide to be displayed in a single image, the image
assembly or wide-view imaging mode was used. Moreover,
the IRD was sensitive to changes due to breathing in some
females with severe diastasis recti. In these cases, we asked
each female to hold her breath before the measurement.

Statistical analysis

The statistical software SPSS version 26.0 (SPSS Inc.,
Chicago, IL, USA) was used for the data analysis. The
results are expressed as the mean * standard deviation, with
95% confidence intervals (Cls). Differences between the
2 groups were compared using Student’s #-test. A P value
<0.05 was considered statistically significant, and P<0.01
was considered highly significant. The value corresponding
to the 90th percentile in the nulliparous group was adopted
as the threshold of a “normal” IRD range (22). The
interobserver reliability was determined by calculating
intraclass correlation coefficients (ICCs) with 95% Cls.
Pearson’s correlation coefficient or Spearman’s correlation
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Table 1 General information about the nulliparous and postpartum groups

Factors Nulliparous Postpartum P value
Age (years) 29.51+4.56 30.79+4.47 0.378
Height (cm) 159.82+5.20 158.93+4.27 0.053
Weight (kg) 55.44+10.94 57.20+6.28 0.136
BMI 21.97+3.86 22.63+2.29 0.106

Statistical method: Student’s t-test. BMI, body mass index.

coefficient were used to assess the relationship between
diastasis recti and age, body mass index (BMI), parity, the
mean infant weight in the 2 groups, and the area of levator
hiatus or the PFD results in the postpartum group. Because
there are different morphologies of diastasis recti, the mean
value does not exactly indicate abdominal muscle separation
gravity. Therefore, we used the maximum value from the 3
locations at resting for the correlation analysis.

Results

A total of 116 women were included in the nulliparous
group, and 102 women were included in the postpartum
group (4 women were excluded due to poor Valsalva
maneuver execution, and 2 women were excluded due to
avulsion of the levator ani). Their general information is
summarized in Table 1. No significant differences were
identified between the groups in the general characteristics,
including age, height, weight, and BML. In the postpartum
group, 49 participants’ parity was 1, 46 women’s parity was
2, and 7 women’s parity was 3. The mean birth weight of
the newborns was 3.18+0.46 kg. Sixty-seven women were
at 3 months postpartum, 26 were at 6 months postpartum,
and 9 were at 12 months postpartum. The majority (59%)
of participants had a vaginal delivery, while 41% had a
cesarean delivery. The average gestational weeks at delivery
was 38.20+2.97 weeks. According to the PFD questionnaire
for the postpartum group, the clinical symptoms were also
documented, and 49 women had no clinical symptoms. In
comparison, 53 women presented various clinical symptoms,
including mild stress incontinence (n=27), moderate stress
incontinence (n=5), urge incontinence (n=3), dyspareunia
(n=2), constipation (n=13), and frequent constipation (n=10).
The severity of stress incontinence was classified using the
Ingelman-Sundberg classification of stress incontinence.
The IRD measurement results in the nulliparous
group and the postpartum group are presented in Table 2.
Accordingly, the diagnostic criteria of diastasis recti were

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

established as follows: (I) an IRD of >2 mm at 3 cm below
the umbilicus; (II) >20 mm at the umbilicus; and (III)
>14 mm at 3 cm above the umbilicus. Based on these
criteria, we divided the postpartum females into different
groups: those who met only criterion (I) were classified
as the subumbilical separation type; those who met only
criterion (II) were classified as the umbilical separation
type; those who met only criteria (IIT) were classified as the
supraumbilical separation type; those who met criteria (I) +
(II) were classified as umbilical & subumbilical separation
type; those who met criteria (II) + (III) were classified as
umbilical & supraumbilical separation type, and those
who met the criteria at all 3 locations were classified as the
complete separation type.

In contrast to the nulliparous group, the postpartum
group’s IRD values at all 3 locations were significantly
different between the resting posture and the head-lift
posture (1able 2). There were 18 females with an increased
IRD in the head-lift position. A total of 9 participants
did not meet any diagnostic criteria, yielding a diastasis
recti incidence of 91.2% (93/102). Based on the rectus
abdominis deviation, the participants were considered to
have no deviation (n=57, 61.3%), right deviation (n=6,
6.4%), or left deviation (n=30, 32.3%). Based on the
location of separation, the subjects were considered to have
subumbilical separation (n=1, 1.0%), umbilical separation
(n=3, 3.2%), supraumbilical separation (n=18, 19.4%),
umbilical & subumbilical separation (n=2, 2.2%), umbilical
& supraumbilical separation (n=15, 16.1%), or complete
separation (n=54, 58.1%). A hernia of the linea alba had
developed in 2 participants, yielding an incidence of 2.0%
of this condition (23).

The correlations between the IRD and the participants’
general information were as follows. The IRD was
positively correlated with BMI (r=0.286, P<0.01) in the
nulliparous group. The IRD was positively correlated with
age (r=0.230, P<0.05) but not with the mean infant weight,
BMLI, or parity in the postpartum group.
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Table 2 IRD values for the nulliparous group and the postpartum group
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Group Level (cm) Posture Value (mean = SD, mm) P value 90th percentile (mm)
Nulliparous I-U3cm Resting 0.85+1.31 0.562 2
Head-lift 0.83+1.33 N/A
Umbilicus Resting 12.08+6.22 0.428 20
Head-lift 11.97+5.79 N/A
S-U3cm Resting 6.20+5.58 0.415 14
Head-lift 6.07+5.63 N/A
Postpartum I-U3cm Resting 7.17+7.81 <0.001 N/A
Head-lift 5.46+6.30
Umbilicus Resting 26.44+10.15 <0.001
Head-lift 21.67+8.31
S-U3cm Resting 23.57+8.56 <0.001
Head-lift 22.18+8.12

Statistical method: Student’s t-test was used to compare the IRD values in the postpartum group at all 3 locations between the resting
posture and the head-lift posture. S-U 3, 3 cm supraumbilical; I-U 3, 3 cm infraumbilical; IRD: inter-rectus distance.

Table 3 The ultrasound PFD results and IRD values for the postpartum group

No. Pelvic floor function IRD resting (mean + SD, mm) IRD head-lift (mean + SD, mm)
19 Normal 28.1+10.5 24.2+8.2
30 1 compartment involved*® 27.2+9.5 23.6+9.6
23 2 compartments involved™* 28.0+10.6 23.8+9.7
30 3 compartments involved™* 29.3+8.7 25.6+6.5

*: an abnormal ultrasound result was found in only one compartment, e.g., bladder neck <10 mm below the line of reference or the lowest
point of the cervix <15 mm above the line of reference or rectal ampulla =15 mm below the line of reference. **: an abnormal ultrasound
result was found in 2 compartments. ***: an abnormal ultrasound result was found in 3 compartments. Statistical method: Spearman’s
correlation coefficient. IRD, inter-rectus distance; PFD, pelvic floor dysfunction.

The interobserver reliability of the ultrasound
measurements across the 3 clinicians were 0.965 (95% CI:
0.953-0.973), 0.987 (95% CI: 0.964-0.993), and 0.949 (95%
CI: 0.815-0.978). Based on the ultrasound examination,
19 women were considered to have normal pelvic floor
function, and 83 had PFD (1 compartment was involved
in 30 cases, 2 compartments were involved in 23 cases, and
3 compartments were involved in 30 cases). The ultrasound
PFD results and IRD values in the postpartum group are
presented in Table 3. There were no significant differences
between each group. The mean hiatal area of the levator
ani was 24.67+6.97 cm’. However, no correlation was noted
between the IRD and area of the levator hiatus. Moreover,
the IRD values were not significantly different between

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

participants with clinical symptoms and those without
symptoms (1iable 4).

Discussion

Although diastasis recti is a common condition in postpartum
women, there are considerable discrepancies in the incidence,
diagnostic criteria, and normal IRD range associated with
different diagnostic approaches and cut-off values (24). In
this study, the IRD was measured using high-frequency
ultrasound, which has been demonstrated to be the most
accurate and repeatable method. Our results revealed
that IRD was positively correlated with BMI in healthy
nulliparous women. This finding might explain the different
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Pelvic floor dysfunction symptoms

IRD (mean + SD, mm) P value
Present (n=53) Absent (n=49)

Resting 28.9+9.80 27.3+9.24 0.478

Head-lift 25.2+8.47 23.2+8.16 0.530

Statistical method: Student’s t-test. IRD, inter-rectus distance; PFD, pelvic floor dysfunction; SD, standard deviation.

“normal” ranges reported by other research groups (22,25).

Moreover, we believed that diastasis recti cannot be
defined using a single-location diagnostic criterion because
it may develop at different locations above, at, and below
the umbilicus. Physiotherapists necessarily need to know
not only whether a patient has diastasis recti, but also each
patient’s type precisely, because different varieties may
require specific abdominal exercises or physiotherapy.
Establishing such a set of criteria can help facilitate disease
diagnosis and treatment.

There were no universally acceptable risk factors for
diastasis recti; however, the putative etiological factors
include an older delivery age, high BMI, multiple
pregnancies, and macrosomia history (2,24,26). Our results
indicated that the severity of diastasis recti correlated with
age and not with the mean birth weight of the newborn,
BMLI, or parity.

The IRD values were smaller in the head-lift
posture than in the resting position at all 3 locations in
the postpartum group (P<0.001). These results were
consistent with the conclusion that palpation may yield
an underestimation of the degree of diastasis recti (24).
The IRD can be measured when a subject assumes resting
and head-lift postures. This process enables the detection
of changes in IRD, which may be conducive to assessing
lateral abdominal wall muscle function and guiding therapy
(27-29). Interestingly, we found 18 participants had a larger
IRD in the head-lift posture than in the resting posture. We
presumed that these women might have required surgery to
restore strength due to weak abdominal-pelvic fascia (27).

The group of PFD conditions includes defecation,
urination, sexual activity disorders, POP, and pelvic cavity
pain (30). Diastasis recti and PFD are both common
conditions in pregnant and postnatal women. The
abdominal wall muscle, pelvic fascia, and pelvic floor
muscles collectively form the abdominal-pelvic cavity,
which is an anatomical entity. Therefore, it is clinically
imperative to examine the relationship between PFD and
diastasis recti to develop clear guidelines for postpartum
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rehabilitation. Spitznagle ez 4/. (18) published a retrospective
study in 2007 in which only vaginal palpation was used to
examine the strength of the pelvic floor muscles; they also
did not use ultrasound to measure the IRD. In 2017, Bo
et al. (19) conducted a prospective cohort study examining
300 postpartum women. Specifically, pelvic floor muscle
strength was assessed using vaginal manometry, whereas
the IRD was determined using the simple approach of
palpation.

Pelvic floor ultrasonography is a safe and convenient
method that can be used to evaluate anatomical and
functional changes in the pelvic floor dynamically. It has
been highly recommended to assess urinary dysfunction,
anal incontinence, POP, protruding vaginal mass, and
chronic pelvic pressure/discomfort (30). This study used
ultrasound to assess the IRD and PFD, possibly generating
more accurate and objective results than those in the studies
discussed above. Our results revealed that there was no
clear correlation between diastasis recti and PFD in early
postpartum females. Additionally, there were no significant
differences in the IRD values between participants with
clinical symptoms and asymptomatic ones.

This study has the following limitations. First, the small
sample sizes in both the nulliparous and postpartum groups
might have led to inadequate accuracy of the diagnostic
criteria. Second, we did not monitor weight gain or
abdominal circumference changes during pregnancy in the
postpartum group. Furthermore, the number of subjects
across the different subgroups with different ultrasound
PFD results was not well-matched, leading to inaccuracy of
the results. In the future, we would like to include a larger
sample size and use a univariate and multivariate linear
regression model to investigate the association between
independent variables and the IRD.

Conclusions

We established a set of ultrasonographic diagnostic
criteria for diastasis recti at 3 locations along the umbilicus
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to facilitate disease diagnosis and develop appropriate
physiotherapy treatment plans. The IRD was positively
correlated with BMI in the nulliparous group and with
age in the postpartum group. There is no clear correlation
between diastasis recti and PFD in early postpartum
females.
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