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Background: Many expressions were used to define the defect that is seen by ultrasound after 
cesarean section (CS) namely scar defect, niche, isthmocele, uterine pouch or diverticula.
Objective: To compare the accuracy of 2 dimensional sonohysterography (2D SHG) to 3 
dimensional sonohysterography (3D SHG) in evaluating cesarean section uterine scar depth (D), 
base width (BW), width (W) and residual myometrial thickness (RMT) in women with second-
ary infertility and establishment of a standard criteria; Alalfy simple rules for scar assessment.
Patients and Methods: This was an observational cross-sectional comparative study that was 
conducted on women who presented with secondary infertility and were candidates for intracy-
toplasmic sperm injection (ICSI) and giving a history of a previous cesarean section. Assessment 
of uterine scar in each woman was performed using 2D transvaginal ultrasound with sonohys-
terography (SHG) followed by 3D transvaginal with SHG with evaluation of niche depth, width, 
RMT, niche BW and RMT/depth ratio. The study was conducted at Algezeera hospital, Egypt.
Results: The present study revealed that 3D ultrasound with SHG is superior in evaluation 
of the RMT and niche width prior to ICSI providing better characterization of the scar niche.
Conclusion: Scar niche should be assessed by a combined integrated 2D SHG and 3D SHG 
scan with the specific geometrical and anatomical considerations, Alalfy simple rules for scar 
niche assessment that involvemeasurement of niche depth, (Base width) BW, width, RMT 
and RMT/depth ratio in sagittal plane, RMT in coronal plane / niche width in coronal plane 
ratio (ratio less than 1 denotes scar weakness with more liability for dehiscence).
Trial Registration: Clinical Trials.gov Id NCT04076904.
Keywords: cesarean, niche, two dimensional, 2D, three-dimensional, 3D, sonohysterography, 
SHG

Introduction
Cesarean section rate is increasing in recent practice. Women delivered by cesarean 
section are prone to some complications, one of which is the presence of a uterine 
niche which is defined as any uterine dimpling 2 mm or more at the cesarean scar 
site that could be visualized by ultrasound.1,2
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Women with uterine niches might complain of pelvic 
pain, postmenstrual spotting or dysmenorrhea. It could be 
related to cesarean scar pregnancy or it could be impli-
cated in decreased fertility.3,4

Many expressions were used to define the defect that is 
seen by ultrasound after cesarean section namely a scar 
defect, niche, isthmocele, uterine pouch or diverticula.2

The shape of the cesarean scar by ultrasound may be 
significant, but there is limited proof to correlate the 
appearance of the scar with the function. There is also 
concern about the possibility of implantation within the 
scar and the association with abnormal uterine bleeding 
and subfertility.5

The aim of this study was to compare the accuracy of 2 
dimensional sonohysterography (2D SHG) to 3 dimen-
sional sonohysterography (3D SHG) in evaluating cesar-
ean section uterine scar depth (D), base width (BW), width 
and residual myometrial thickness (RMT) in women with 
secondary infertility and establishment of a standard cri-
teria; Alalfy simple rules for scar assessment.

Patients and Methods
This was a prospective observational cross-sectional com-
parative study that was conducted on women who pre-
sented with secondary infertility and were candidates for 
ICSI and had a history of previous cesarean section. 
Assessment of uterine scar in each woman was performed 
using 2D transvaginal ultrasound with sono hysterography 
(SHG) followed by 3D transvaginal with SHG with eva-
luation of niche depth, width, RMT, niche BW and RMT/ 
depth ratio. The study was conducted at Algezeera hospi-
tal, Egypt from October 2019 till end of February 2020.

Inclusion criteria were women complaining of second-
ary infertility and history previous one cesarean section. 
Exclusion criteria included the following: menstruating 
women or any current abnormal vaginal bleeding, any 
uterine pathology (like myoma) or previous placenta pre-
via, previous myomectomy, postpartum hemorrhage. This 
research included 110 women who were recruited from 
the infertility clinic complaining of secondary infertility 
who were candidates for ICSI and fulfilling the inclusion 
and exclusion criteria. They were counseled to participate 
in the study after explaination of the procedures to be 
performed was provided, then informed written consent 
was obtained. All participants were subjected to 2D vagi-
nal examination to exclude uterine pathology followed by 
2D and 3D transvaginal ultrasound with SHG for assess-
ment of the uterine scar saline infusion sonography was 

performed using 20mL of sterile Na Cl 0.9% solution 
injected through the cervix using a 2 mm sterile disposa-
ble catheter. The procedure was done postmenstrually. All 
cases were performed using a 3D/4D endocavitary probe 
RIC5-9W-RS GE voluson P 8 and E8 ultrasound system 
equipped with a 6–12 MHz 3D (General electric voluson, 
2014, USA). In every case, where the 2D SHG image and 
3D SHG rendered image were taken, measurement of 
niche depth, width and RMT were made with great preci-
sion by the same expert sonographer to avoid inter obser-
ver variability. No adverse effects occurred from this 
maneuver. The presence of uterine niche was recognized 
as a triangular anechoic filling defect behind the bladder 
recess, in the lower segment at the classic site at which 
low-transverse cesarean section was performed. By trans-
vaginal sonography, the scar was recognized in the sagittal 
plane of the uterus and the following features were eval-
uated: RMT described as the remaining anterior uterine 
wall thickness in front of the scar. Width of the base of 
triangular hypoechoic niche (‘W of B’); described as 
a distance from the outer and inner parts of the myome-
trium of the anterior uterine wall. Depth of triangular 
hypoechoic niche (‘D’); described as a space from the 
surface of the endometrial- endocervical layer of the ante-
rior wall of uterus to the tip of the hypoechoic triangle.6

Statistical Analysis
Collected data were analyzed and processed using SPSS 
version 19. Quantitative data was expressed as mean ± SD 
while Qualitative data were expressed as numbers and 
percentages. Chi Square, Student t-test and Mann 
Whitney U-tests were used to test Significance of differ-
ence for qualitative variables. A probability value 
(p-value) <0.05 was considered statistically significant. 
Data were analyzed and appropriately presented in tables 
and graphs.

Consent
Informed consent was obtained from the study participants 
before participation in the research and the study conforms 
to the provisions of the Declaration of Helsinki.

The study was conducted after taking the ethical com-
mittee approval of Algezeera Hospital With Approval 
number 0062.

Results
The present study was conducted at Algezeera hospital, 
Egypt from October 2019 till the end of February 2020.
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The present study was conducted on women who 
presented with secondary infertility and a history of pre-
vious cesarean delivery who were candidates for ICSI. 
Before starting the treatment protocol, evaluation of the 
integrity of the cesarean scar as demonstrated in Figures 
1 and 2 was carried out, with comparison of the ability of 
2D and 3D SHG in its evaluation and assessment of 
possible scar dehiscence and if it needs intervention 
before ICSI aiming at a better reproductive outcome.

One hundred ten women were recruited to the study, 
with the mean age was 28.2 years and mean BMI was 
23.94. Age, BMI of studied women are shown in Table 1.

The difference in age, BMI between the two groups 
were statistically insignificant.

In the present study, the comparison between 2D 
SHG and 3D SHG in evaluation of CS niche BW 
shows a statistically significant P value (<0.001) for 
intraclass coefficient (0.826) and Cronbach’s Alpha 
(0.905) as shown in Table 2. The niche BW is demon-
strated in figure 4 and in Figure 7.

In the present study, the comparison between 
2DSHG and 3D SHG in evaluation of the RMT in 
front of the scar revealed a statistically significant 
P value (<0.001) with intraclass correlation coefficient 
(0.423) and Cronbach’s Alpha (0.594) (as shown in 
Table 4), the RMT is demonstrated in Figures 8 and 9.

Also in the current study, the comparison between 
2D SHG and 3D SHG in evaluation of CS niche depth 
shows a statistically significant P value (<0.001) with 
intraclass correlation coefficient (0.971) and Cronbach’s 
Alpha (0.985) with high values as shown in Table 3, the 
niche depth is demonstrated in Figures 3 and 6.

In the present study, the comparison between 2D SHG and 
3D SHG in evaluation of CS niche width shows a statistically 
significant P value for intraclass coefficient and cronbach 

Figure 1 2D SHG image in a sagittal section of the uterus showing the triangular 
cesarean scar niche.

Figure 2 2D SHG image in a sagittal section of the uterus showing the triangular 
cesarean scar niche.

Table 1 Demographic Data of the Women Included in the Study

Mean Standard Deviation Minimum Maximum

Age 28.23 4.97 20.00 40.00
BMI 23.94 2.99 18.00 30.00

Table 2 Degree of Agreement Between 2D SHG and 3D SHG in 
Detection of Niche BW

Mean, SD, Minimum and Maximum of Niche Base Width by 
2DSHG and 3DSHG

Mean Standard 
Deviation

Minimum Maximum

Niche width by 

2DSHG

1.89 0.24 1.30 5.40

Niche width by 

3DSHG

2.32 0.27 1.20 5.80

95% Confidence Interval, Intraclass Coefficient and Cronbach’s 
Alpha for Niche Base Width

value 95% Confidence Interval

Lower Bound Upper 
Bound

P value

Intraclass 

Correlation 

coefficient (ICC)

0.826 0.756 0.877 <0.001

Cronbach’s Alpha 0.905 0.861 0.935 <0.001

Note: <0.001 is statistically significant Results show a high degree of agreement.
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s Alpha but with low values 0.251 and 0.402 respectively as 
shown in Table 5, the niche base width is demonstrated in 
Figures 4 while niche width is shown in figures 5 A and 5 B and 
5C . figure 5C demonstrates 3D HD live renderin in the 

2D SHG in the sagittal plane has a high degree of agree-
ment with 3D SHG in the sagittal cut of the 3D volume in 
evaluation of niche depth and BW.

2D SHG and 3D SHG in the sagittal plane have mod-
erate agreement in evaluation of RMT.

Discussion
Assessment of the cesarean scar integrity and prediction of 
subsequent scar pregnancy complications as uterine rup-
ture or implantation on a scar is feasible using ultrasound. 
The evaluation of various ultrasonographic parameters in 
demonstrating scar weakness is available nowadays.6–10

Isthmocele can cause postmenstrual bleeding, dysme-
norrhea or pelvic pain, also in isthmocele, the presence of 
retained menstrual blood may result in a site for chronic 
inflammation impairing fertility.11

Ultrasonographic evaluation of the lower uterine seg-
ment (LUS) thickness has been the method employed in 
prediction of cesarean scar rupture at various gestational 
weeks according to many recent studies.6–8 

Ultrasonography provides a non-invasive way to scan the 
uterus and scar.12

A recent meta-analysis was conducted and recom-
mended the implementation of the LUS thickness for pre-
diction of uterine rupture during VBAC.13,14

Naji et al (2012) revealed that rupture uterine scar is 
associated with lesser RMT and emphasized the necessity 
to describe the scar exactly with great precision and to 
discover their clinical importance in subsequent pregnan-
cies. They suggested that the dimensions shown in their 
research which were the RMT, niche depth and width 
would be a suitable method, which were also the para-
meters we adopted for investigation in our current study 
but we added the BW and D/RMT ratio.5 They concluded 
that employing a uniform technique to describe the shape 
of scars, could make future research on the complications 
related to them reliable.4

Table 3 Degree of Agreement Between 2DSHG and 3D SHG in 
Detection of Niche Depth

Mean, SD, Minimum and Maximum of Niche Depth by 2DSHG and 
3DSHG

Mean Standard 
Deviation

Minimum Maximum

Niche Depth by 2DSHG 1.90 0.44 1.10 8.90

Niche Depth by 3DSHG 2.26 0.45 1.50 9.40

95 % confidence interval, Intraclass coefficient and 
Cronbach’s Alpha for niche depth

Value 95% Confidence 
Interval

Lower 
Bound

Upper 
Bound

P value

Intraclass Correlation 

coefficient (ICC)

0.971 0.958 0.980 <0.001

Cronbach’s Alpha 0.985 0.979 0.990 <0.001

Note: <0.001 is statistically significant Results show a high degree of agreement.

Table 4 Degree of Agreement Between 2D SHG and 3D SHG in 
Detection of RMT

Mean, SD, Minimum and Maximum of RMT by 2DSHG and 3DSHG

Mean Standard 
Deviation

Minimum Maximum

RMT by 2D 7.24 1.09 4.80 9.20

RMT by 3D 7.97 1.13 5.10 9.30

95% Confidence Interval, Intraclass Coefficient and Cronbach’s Alpha 
for RMT

Value 95% Confidence 
Interval

Lower 

Bound

Upper 

Bound

P value

Intraclass Correlation 

coefficient (ICC)

0.423 0.256 0.565 <0.001

Cronbach’s Alpha 0.594 0.408 0.722 <0.001

Note: <0.001 is statistically significant Results show a moderate agreement.

Figure 3 2DSHG image in a sagittal section of the uterus showing the cesarean 
scar niche depth.
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Previous studies reported that transvaginal US is better 
than transabdominal US in scar assessment.15,16

In the present study, the comparison between 2D and 
3D ultrasound in evaluation of CS niche BW showed 
a high degree of agreement as demonstrated in Table 2.

Another previously studied parameter of clinical 
importance in prediction of CS scar rupture in the upcom-
ing gestation was the RMT/D ratio where the larger the 
depth of the niche (D) and the lesser the thickness of the 
myometrium, the more likely risk of dehiscence of cesar-
ean section scars as seen in Figure 10 (shows the defective 
niche) and in Figure 11 (RMT/D ratio less than 1).17,18

The acceptable analysis of the role of the D/RMT ratio 
in expecting dehiscence of scar is that the D plus RMT 
form the whole thickness of the anterior wall of uterus at 
the scar site.10

Figure 12: Shows 3 D HD live Rendering image illus-
trating the niche in coronal view.

Also in the current study, the comparison between 2D 
SHG and 3D SHG in evaluation of CS niche depth shows 
a high degree of agreement with a statistically significant 
P values for intraclass coefficient and cronbach s Alpha 
with high values as shown in Table 3.

A previous study made by Ejub Basic concluded that 
ultrasound assessment of the quality of the scar has prac-
tical use in the decision on the mode of delivery in women 
who delivered by cesarean section.19

Moreover, in the present study, the comparison 
between 2DSHG and 3D SHG in evaluation of RMT in 
front of the scar shows a moderate degree of agreement 
reflecting the higher accuracy of 3D SHG in evaluation of 
the scar niche (as shown in Table 4).

So, evaluation of the RMT/depth ratio is better to be 
evaluated by 3DSHG.

A previous study that reviewed the capability of ima-
ging methods to expect incomplete healing of uterine scars 
on ladies who underwent previous cesarean section, 
assessed by hysterography, SHG, or transvaginal 
ultrasound.20

In the present study, the comparison between 2D SHG 
and 3D SHG in evaluation of CS niche width showed 
a statistically significant P value for intraclass coefficient 
and cronbach s Alpha but with low values denoting a mild 
degree of agreement as shown in Table 5.

In a meta analysis that involved 21 research studies, 
the magnitudes of supposed scar dehiscence diagnosed 
by hysterography, SHG, and TVU were 58% (33 to 
70), 59% (58 to 85), and 37% (20 to 65), 
respectively.20

In the current study, we found that there is a high 
agreement between 2D and 3D SHG in describing the 
niche BW and depth while 3D SHG has the upper hand 

Table 5 Degree of Agreement Between 2D SHG and 3D SHG in Measurement of Niche Width

Mean, SD, Minimum and Maximum of RMT by 2DSHG and 3DSHG

Mean Standard Deviation Minimum Maximum P value

Niche width by 3D SHG 8.22 1.42 5.20 12.80 <0.001
Niche width by 2D 5.75 1.08 3.00 9.00

95% Confidence Interval, Intraclass Coefficient and Cronbach’s Alpha for Niche Depth

value 95% Confidence Interval

Lower Bound Upper Bound P value

Intraclass Correlation coefficient (ICC) 0.251 −0.057- 0.603 <0.001

Cronbach’s Alpha 0.402 −0.122- 0.752 <0.001

Note: <0.001 is statistically significant Results shows a mild degree of agreement.

Figure 4 2D SHG image in a sagittal section of the uterus showing the cesarean 
scar niche BW.
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in giving a precise data about the RMT which is so 
important in management and in predicting outcome for 
future pregnancies.

A previous study that described 2D evaluation of 
a scar, reported that the hypoechoic space with 
a triangular shape, is denoting an interruption of the myo-
metrium at the site of the previous cesarean scar which is 
better to be evaluated at postmenstrual scan and they 
defined the niche as a myometrial defect with a depth of 

at least two mm. A large niche is defined as a defect with 
a depth of at least more than fifty percent of the anterior 
myometrial wall and ≤ 2.5 mm when assessed by 
SHG).9,21

In the current study, 3D SHG in coronal plane is the 
best at evaluating niche width with a mild agreement of 
2D SHG with 3D SHG.

Using 3D ultrasound, many niche parameters, as 
depth (both perpendicular to niche base and maximal 

Figure 5 (Aand B) demonstrate 3D SHG rendering image of the uterus showing the cesarean scar niche width in the coronal cut of the 3D volume, Figure 5 C shows 3D 
SHG with HD live rendering demonstrating the niche width .

Figure 6 3D SHG image of the uterus showing the cesarean scar niche depth. Figure 7 3D SHG image of the uterus showing the cesarean scar niche BW.
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depth), maximal width, width at niche base and RMT 
can be measured with a high level of accuracy, in 
particular if measured in the longitudinal plane.22

Transvaginal 3D SHG could be a routine non invasive 
outpatient method for evaluation of uterine cavity lesions 
as polyps, intra cavitary myomas, intrauterine synechia 
and congenital uterine abnormalities as septum in women 
with infertility, also in addition to conventional transvagi-
nal 3D US which is important in evaluation of women 
with gynecological problems as bleeding, ovarian cysts or 
tubal lesions as hydrosalpinx.23–25

SHG is recommended to be used in combination with 
transvaginal US as an initial investigation of choice in 
patients presenting with abnormal uterine bleeding.26

The error in measurements of the niche by 2D US 
could be eliminated by off line analysis of the 3D volume 
image and getting the optimal slice before measurement 
and in case of RVF uterus.

Hysteroscopic repair of isthmocele is safe when RMT 
is more than 3 mm.27

While if RMT is smaller than 3 mm, the laparoscopic 
repair is recommended to avoid perforation of the uterus 
and injury to the bladder, especially in women with 
infertility.28

According to data in the literature, there is no solid 
conclusion about the best recommended time for subse-
quent pregnancy and about the mode of delivery after 
isthmocele repair. Considering the lack of available evi-
dence and the need for a clear indication to advise women, 
the Consensus Statement From the Global Congress on 
Hysteroscopy Scientific Committee recommends that 
women should postpone pregnancy for three months post 
isthmocele repair with a prophylactic delivery by planned 

Figure 9 3D SHG image in the sagittal cut that demonstrates the RMT with 
adhesions in front of the niche.

Figure 8 2D SHG image of a sagittal section of the uterus showing the RMT.

Figure 10 2D SHG image showing a sagittal section in 3rd degree RVF uterus with 
a markedly defective cesarean scar niche.

Figure 11 3D SHG image in the sagittal cut that demonstrates RMT/Depth ratio 
(less than 1) with a thin RMT with adhesions in front of the niche.
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CS no later than 38 weeks of pregnancy to decrease the 
risk of uterine rupture.29,30

Methods for repair of isthmocele consist of resection of 
the upper and lower borders of the defect and ablation of 
the isthmic endometrium, also dissecting the upper border 
of the isthmocele only is accepted.31,32

Laganà et al assumed that although 3D SHG has a high 
diagnostic accurateness and less invasiveness, but they 
advised that it could not replace hysteroscopy in endoca-
vitary lesions diagnosis, and might be considered as 
a good way for screening to select women to do hystero-
scopy for verification of the lesions.33

According to the literature, the studies published 
describing the uterine niche and the role of both 2D and 
3D in diagnosis are not sufficient for having a solid com-
parison, and there is no available data in the literature 
comparing both 2D and 3D SHG.

Alonso Pacheco et al carried out a study to assess the 
T-shaped uterus through 3D US and found 3 different 
types of T-shaped uterus; T-shaped (thick lateral walls 
and normal fundus (with no septum or subseptate uterus) 
and interostial distance; the Y-shaped uterus (thick lateral 
walls, fundal septum or subseptum, and reduced interostial 
distance) and the I-shaped uterus (very thick lateral walls 
(even above the isthmus) and severe reduction of the 
interostial distance (tubular appearance of the whole 
uterus).34

Alonso Pacheco et al studied women who have unex-
plained infertility and T-shaped uterus diagnosed by 3D 
US then a hysteroscopic metroplasty was made to they 
found that women with primary infertility with T-shaped 
uterus, hysteroscopic metroplasty is thought to be useful to 
increase reproductive outcomes.35

To the best of our knowledge, our study design is 
unique regarding the evaluation of the cesarean scar com-
paring 2D SHG versus 3D SHG in the pre-pregnancy 
period in women with secondary infertility where most 
conducted studies evaluated the scar during pregnancy 
for fear of subsequent dehiscence or rupture in the ongoing 
pregnancy. We were concerned with the implication of the 
scar niche in secondary subfertility and in future 
pregnancy.

Conclusion
The present study documented the comparable high accu-
racy of 2DSHG and 3D SHG in evaluation of CS niche 
regarding the depth and BW of CS niche.

However, 3D SHG is superior in evaluation of the 
RMT and niche width prior to ICSI providing better char-
acterization of the scar niche.

Scar niche should be assessed by a combined inte-
grated 2D SHG and 3D SHG scan with a new specific 
geometrical and anatomical considerations; Alalfy simple 
rules for scar niche assessment that involve measurement 
of niche depth, width, RMT, (Base width) BW, a new 
parameter and RMT/depth ratio in sagittal section (ratio 
less than 1 denotes scar weakness with more liability for 
dehiscence Also a new parameter, RMT in coronal plane / 
niche Width in coronal plane ratio (ratio less than 1 
denotes scar weakness with more liablity for dehiscence).

From the geometrical point of view, the cesarean scar 
niche has a specific shape that can be evaluated using 
a combined technique with applying both 2D SHG and 
adding the 3D SHG, each one of these techniques has the 
ability to delineate a specific parameter that assess the 
niche (Niche depth, width, width of the base of niche 
and RMT).

Assessment of the scar should be considered in women 
with secondary infertility and in the pre-ICSI work up with 
previous cesarean scar. An abnormal markedly dehiscent 
scar could be implicated as a cause of subfertility or 
subsequent cesarean scar ectopic pregnancy, morbidly 
adherent placenta or uterine rupture which may need sur-
gical repair prior to ICSI or pregnancy which could be 
subject to future research, also the usefulness of our 
recommendations needs to be studied in future research.

Abbreviations
CS, cesarean section; SHG, Sonohysterography; RMT, 
Residual myometrial thickness; D, Depth; W, Width; 
BW, Base width; ICSI, Intracytoplasmic sperm injection; 
2D SHG, 2 dimensional sonohysterography; 3D SHG, 3 
dimensional sonohsterography.
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