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introduCtion

Incisional hernia (IH) is a common complication after open 
abdominal surgery, and its prevalence has been reported to 
range 10%–30% in different series.[1,2] The various factors 
explaining the variability in IH rate include age, obesity, 
abdominal aortic aneurysms, and previous abdominal 
surgery.[2] Larger hernias are usually detected on physical 
examination, and IH detection may be difficult in obesity or 
small facial defects.[3] Its repair is sometimes complex and 
can lead to increased morbidity and failure rates. Besides, 
chronically incarcerated contents confuse the estimation of 
the true size of the fascial defect.[4] For these cases, surgeons 
may experience difficulties in the diagnosis, characterization, 
management, and follow-up process. It is considered important 
to use imaging modalities in the diagnosis of IH to obtain more 
reliable results.[3,4]

Some diagnostic modalities are used for the diagnosis 
of IH, including physical examination, ultrasound (US), 
computed tomography (CT), magnetic resonance imaging, 
and perioperative diagnosis. CT is the most commonly used 
imaging modality for the diagnosis and characterization of 
IH, especially in complex situations.[5] However, performing 
cross-sectional imaging in the supine position may result in 
clinically undetected hernias. Radiation exposure during the 
procedure also limits its use in IH.[6]

Therefore, noninvasive, economical and useful, multi-section, 
multi-angle, and multi-position ultrasonography scans have 
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started to be used in the detection of IH.[7] US imaging is being 
used with increasing frequency as a way to identify IH and as 
an alternative to CT for detecting recurrence during long-term 
follow-up of patients. The US offers several advantages over 
CT due to its lack of exposure to ionizing radiation, real-time 
results for the practitioner and patient, and the potential to 
detect hernias not easily visible on CT due to its dynamic 
nature.[7,8] It plays an important role in the diagnosis of IH with 
95% sensitivity and 90% specificity.[9]

The US is an increasingly important guide to characterize 
hernias in surgical planning. The most common features 
collected on an US scan for preoperative evaluation appear 
to be the transverse dimensions of the hernia, hernia content, 
and vascularization of the intestinal loops wall.[10] Furthermore, 
a positive Valsalva maneuver during the procedure can be 
used as a diagnostic symptom.[11] Although a previous study 
provided critical baseline data supporting the use of US for 
IH, these weaknesses limit the generalizability and validity 
of the results. Although the ultrasonographic features of 
ventral hernias have been described, the reliability and 
validity of US in the diagnosis of ventral hernias has not been 
systematically studied extensively.[12] In addition, this study 
had disadvantages such that it included a limited number of 
patients for the performance of the US examination and only 
evaluated vascular surgery patients.[13] Due to the existing 
reasons, there are not enough US studies for comparing and 
typing in IH cases.[10-13]

In this study, we aimed to establish standardization and 
hernia typing by comparing preoperative US measurements 
and perioperative measurements in IH cases. Thus, we tried 
showing the effectiveness of using US in the diagnosis of IH 
cases.

mAtEriAls And mEthods

Study design
The institutional review board evaluated and approved 
this retrospective study, and each patient gave informed 
consent (IRB 21/198). Since human objects were available, the 
Declaration of Helsinki was adhered to throughout the study. 
All patients who were operated for IH in our institution between 
January 2020 and March 2021 were scanned, retrospectively. 
The cases who did not want to have laparoscopic IH repair 
surgery and did not want to be included, the presence of 
inguinal hernia, chronic-degenerative muscle disorder, use of 
myorelaxant or corticosteroid therapy, professional athletes, 
and age <18-year-old cases were excluded from the study. 
As a result, 120 patients age ≥18-year-old who underwent IH 
surgery were detected and included in the study. Furthermore, 
all of these cases had preoperative US images and perioperative 
hernia measurements. Concomitantly, the included patients had 
height, weight, and body mass index (BMI) values.

Ultrasound imaging and perioperative measurements
All preoperative US examinations were performed by 
an experienced radiologist. US-guided IH measurements 

were made using a 4–15 MHz linear transducer (MyLab 
Seven, Genova, Italy). During imaging, patients were in the 
supine position with their hands raised above their heads. 
The US probe was placed on the skin without excessive 
compression of the skin surface during measurements. 
IH was divided into three subtypes as omentum (Type I), 
intestinal (Type II), and mixed (Type III) according to the 
defect content. For each patient, the maximum transverse 
diameter of the defect in millimeters (mm) was determined 
and noted [Figure 1]. Similarly, since the shape of the 
defects was irregular, the longest diameter of the defect 
was measured laparoscopically in millimeters. The 
maximum transverse diameter of the defect was measured 
by the surgeon during the operation, and typing was made 
according to the content [Figure 2].

Statistical analysis
SPSS 21st version software was used for data analysis (IBM, 
Armonk, NY, USA). Descriptive statistics were expressed as 
minimum, maximum, standard deviation, median, frequency, 
and ratio values. Kolmogorov–Smirnov test was applied to see 
whether the variables were normally distributed. Categorical 
variables in US imaging and perioperative groups were 
compared using Chi-square and Fisher’s exact tests. Since 
there was no normal distribution, Mann–Whitney U and 
Kruskal–Wallis H tests were used in the analysis of gender, IH 
subtypes, and defect measurements. Spearman correlation was 
used to evaluate the relationship between preoperative US and 
intraoperative defect measurements. At the 95% confidence 
interval, P < 0.05 was considered statistically significant.

rEsults

A total of 120 patients, 78 females and 42 males, were included 
in the study. The youngest case was 26 years old and the oldest 
case was 84 years old and both were male. The mean height was 
175.02 ± 4.54 mm in males and 170.66 ± 4.31 mm in females. 
The mean weight for males was 79.55 ± 7.31 kilograms (kg) 
and 68.83 ± 6.67 kg for females. The mean BMI was calculated 
as 26 ± 2.42 for males and 23.83 ± 2.74 for females [Table 1]. 
No statistical significance was found when age, height, weight, 
and BMI were compared according to gender (P > 0.05).

In this study, only an IH defect was present in each case. IH 
types were evaluated, respectively, and 76 males had Type I, 
14 had Type II, and 12 had Type III defects. Fifteen females 

Figure 1: According to the content of the defect in the ultrasound imaging 
of the anterior abdominal wall; (a) Type I (omentum), (b) Type II (intestine), 
and (c) Type III (mixed) incisional hernia are shown. The defect level is 
indicated by the yellow arrow
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had Type I and three had Type III defects, and there was no 
Type II defect [Table 2]. When the relationship between IH 

types and gender was investigated, no statistically significance 
was found (P = 0.259).

In preoperative US measurements for all cases, the transverse 
size of the defect was measured as a minimum 35 mm, 
a maximum 85 mm, and the mean 58.62 ± 13.91 mm. In 
perioperative measurements for all cases, the transverse size 
of the defect was measured as a minimum 30 mm, a maximum 
80 mm, and the mean 60.52 + 13.24 mm. The measurement 
method of the defect and the size distribution of IH types are 
summarized in Table 3. When the diameters of IH types were 
compared for preoperative US and perioperative measurements, 
respectively, there was no statistical significance between 
defect types (P = 0.185 and P = 0.262).

When the relationship between preoperative US measurements 
and perioperative measurements was evaluated using 
Spearman correlation, there was a positive very strong 
relationship (ρ=0.861 and P < 0.001).

disCussion

An IH is a protrusion of tissue and/or organs due to an 
operative defect of the abdominal walls, with an incidence 

Figure 2: A Type II incisional hernia (intestinal content) with a diameter 
of approximately 3 cm in the perioperative laparoscopic measurement of 
the defect is presented by yellow arrows. The omentum (O) is indicated 
by a thin black arrow and the bowel (B) by a thick black arrow

Table 2: Incisional hernia and gender relationship

Gender IH types Total, n (% within gender)

Omentum (Type I), n 
(% within gender)

Intestinal (Type 2), n 
(% within gender)

Mixed (Type 3), n 
(% within gender)

Male 76 (74.5) 14 (13.7) 12 (11.8) 102 (100)
Female 15 (83.3) 0 3 (16.7) 18 (100)
Total 91 (75.8) 14 (11.7) 15 (12.5) 120 (100)
IH: Incisional hernia

Table 1: Demographics

Mean±SD (minimum‑maximum) P

Gender Total (n=120)

Male (n=78) Female (n=42)
Age 52.97±15.35 (26-84) 42.00±5.24 (37-49) 51.33±14.81 (26-84) >0.05
Height (mm) 175.02±4.54 (165-182) 170.66±4.31 (165-175) 174.37±4.75 (165-182) >0.05
Weight (kg) 79.55±7.31 (66-94) 68.83±6.67 (62-80) 77.95±8.16 (62-94) >0.05
BMI 26±2.42 (21-30) 23.83±2.74 (21-29) 25.68±2.58 (21-30) >0.05
Defect US (mm) 56.85±12.57 (34-84) 63.25±17.01 (46-85) 58.62±13.91 (34-85) 0.185
Defect perioperative (mm) 59.44±12.43 (32-81) 65.16±16.17 (45-82) 60.52±13.24 (32-82) 0.262
BMI: Body mass index, US: Ultrasound, SD: Standard deviation

Table 3: Defect measurements and incisional hernia types

IH types n Mean±SD (minimum‑maximum) P

Defect preoperative US (mm) Defect perioperative (mm)
Omentum (Type I) 91 57.46±13.96 (35-85) 59.64±13.69 (30-80) >0.05
Intestinal (Type II) 14 62.35±9.78 (45-75) 63.57±9.07 (50-68) >0.05
Mixed (Type III) 15 62.2±16.34 (40-75) 63±13.73 (45-80) >0.05
Total 120 58.62±13.91 (35-85) 60.52±13.24 (30-80) >0.05
SD: Standard deviation, US: Ultrasound, IH: Incisional hernia
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of up to 20% after abdominal surgery.[14] Although CT is the 
most commonly used imaging modality in the diagnosis of IH, 
the diagnosis of IH is most time difficult because there is no 
gold standard. In addition to exposure to ionizing radiation, 
omitting small hernias are negative features of CT.[15] The use 
of US is particularly suitable for the evaluation of the anterior 
abdominal wall, given its accessibility and ability to monitor 
structures in real time with the aid of physical maneuvers (e.g., 
Valsalva). The use of US imaging is thought to be useful in 
the characterization of hernias for preoperative planning and 
is being used more and more frequently.[16]

Beck et al. compared the efficacy of US and CT in the diagnosis 
of IH in 181 cases. The prevalence of IH in this population 
was 55%, and US examination showed high sensitivity (98%) 
and specificity (88%) in the diagnosis of hernia. It has been 
shown that US imaging can be an accurate alternative to CT 
scanning for diagnosing IHs, with additional benefits such as 
no radiation exposure and immediate bedside interpretation.[9] 
Similarly, Baucom et al. compared the efficacy of both imaging 
modalities in the diagnosis of IH. The mean surface area 
was calculated by measuring the maximum transverse and 
craniocaudal diameters on US imaging. Similar results 
were obtained using CT and US imaging in 94 cases, and 
US imaging was more successful in 15 cases with a hernia 
diameter ≥10 cm.[7]

den Hartog et al. compared the validity and reliability 
of ultrasonography with CT in the diagnosis of IH. The 
prevalence of IH was 60.0% with CT scan as the diagnostic 
method and 42.5% with US. Besides, the sensitivity of US 
examination when using CT as a comparison was 70.8%, the 
specificity was 100%.[13] Fang et al. evaluated 122 IH defects 
in 78 patients using an automated volume-scanning system on 
US. All IH cases were detected by the US, which is compatible 
with surgery. In result, the use of this application has been 
strongly recommended in the detection of IH.[17] Bloemen 
et al. followed 456 patients undergoing abdominal surgery at 
6-month intervals for approximately 3 years. IH was detected 
in 103 patients, and physical examination was able to diagnose 
82 of them. In the combined use of physical examination and 
US, all cases were diagnosed as IH. It has been stated that the 
combined application instead of physical examination alone 
can detect a significant number of asymptomatic hernias.[16]

Wang et al. evaluated the effect of the defect on the abdominal 
wall muscles with shear-wave elastography (SWE). SWE 
measurements were made from wall muscles in B-mode US 
images in 28 IH patients and 14 healthy controls, and the values 
were significantly higher in the hernia group.[18] Chaudhry et al. 
evaluated SWE in IH modeling on rats and demonstrated that 
it can be used in hernia diagnosis, and control after surgical 
mesh repair.[19]

There are limited studies in the literature on the evaluation of 
IH with US imaging.[16-19] Our study is the first reported in the 
literature to evaluate IH by separating subtypes. In previous 
studies, IH classification was not made according to the content 

of the defect. Our study has one of the largest case series in 
the literature on US modality.[7,9,17] All cases were diagnosed 
with US, and a very strong positive correlation was found 
when the defect sizes were compared in preoperative US, 
and perioperative measurements (ρ = 0.861). Unlike previous 
studies, both measurement methods were evaluated according 
to BMI, weight, and height.[12-16]

Limitations
The first limitation is that all defect measurements are made by 
a single radiologist or surgeon.[16-19] The second limitation is the 
absence of Type II IH in female cases. Another limitation is the 
lack of a gold standard imaging method that can be compared 
in the diagnosis of IH.[7,9,13]

ConClusion

US imaging provides a reliable way to accurately detect and 
characterize IH of the abdominal wall. According to our 
results, the US can be performed easily and quickly for the 
detection of IH without exposure to the radiation risk of CT. 
It can also facilitate the planning of surgical intervention in 
IH by providing anatomical information.
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