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Abstract 

Background  The recurrence rate after incisional hernia surgery is the most important concern for patients and sur-
geons, which not only causes pain to the patient but also adds additional medical costs. This study aims to investigate 
CT imaging features based on abdominal wall mechanics for recurrence after incisional hernia surgery.

Materials and methods  We collected data from patients who were diagnosed with incisional hernia and underwent 
hernia repair from January 2017 to January 2022 in Shanxi Provincial People’s Hospital. Based on Laplace’s equation, 
an equation for spherical wall pressure, we further measured the preoperative abdominal wall thickness and abdomi-
nal wall radius of the patients by CT and measured the abdominal wall muscle area and visceral fat area at the third 
lumbar level by using Slice-O-Matic 5.0 software, and the sarcopenia index was further obtained by dividing the mus-
cle area by the square of the height. Then, we analyzed their relationship with the postoperative recurrence of inci-
sional hernia.

Results  By univariate and multifactorial analyses, we found that excessive visceral adiposity, high BMI and sarcopenia 
were independent risk factors for incisional hernia recurrence. In further stratified analysis, we also found that patients 
with combined sarcopenia had a higher probability of recurrence. Our results found that visceral fat was a higher risk 
factor for incisional hernia recurrence than BMI.

Conclusion  This study was a retrospective study. Based on the Laplace equation, sarcopenia and visceral fat are inde-
pendent risk factors for recurrence after incisional hernia.
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Introduction
Incisional hernia is one of the most common abdomi-
nal wall hernias. Surgical repair is the most efficacious 
method for the treatment of incisional hernia, while the 
high recurrence rate after surgery seriously affects the 

outcome of its treatment and the recurrence rate can 
even reach 28% [1, 2]. It is important to identify these risk 
factor that affecting the recurrence of incisional hernia, 
which can help surgeon to reduce the recurrence rate and 
choice more rational surgical approach [3].

The recurrence of incisional hernia can be attributed 
to weakness of the abdominal wall and excessive intra-
abdominal pressure [4]. The former usually caused by 
decreasing of muscle strength or lankness of fibrous tis-
sue, such as advanced age, poor nutritional status and 
muscle damage. And the latter due to the abdominal 
obesity or this disease leading to increasing of abdominal 
pressure, such as chronic cough, constipation and urinary 
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difficulties. Presently, although many prediction models 
for incisional hernia recurrence have been established 
[5]; however, there are relatively few predictive models 
for incisional hernia recurrence based on abdominal wall 
mechanics.

Based on the risk factors that related to recurrence of 
incisional hernia, the forces exerted at various points 
of the abdominal wall under normal conditions are 
related to the volume of abdominal fat and the strength 
of the abdominal wall muscles, which is consistent with 
Laplace’s equation [6], which is a equation related to the 
forces exerted on the wall of the representative sphere. 
Current studies have shown that CT provides a very 
comprehensive assessment of the abdominal cavity and 
abdominal wall, and CT-based indices of visceral fat and 
sarcopenia have been used in studies of the prognosis 
of many diseases [7]. Whereas visceral fat can represent 
intra-abdominal volume, and sarcopenia reaction the 
abdominal wall muscle strength. Therefore, we extracted 
the factors related to abdominal wall mechanics by CT 
and further established a new model for predicting recur-
rence after incisional hernia repair.

Material and methods
The methods section of this paper is based on the 
STROBE guidelines [8].

Patients
We enrolled patients who were diagnosed with incisional 
hernia and underwent hernia repair from January 2017 to 
January 2022 in Shanxi Provincial People’s Hospital. All 
patients underwent abdominal CT examination before 
the operation. We excluded patients who were diagnosed 
with incarcerated hernia, patients with incision infection, 
tumor patients with peritoneal metastases, and patients 
with incomplete clinical data.

We collected data including age, sex, body weight, body 
mass index, recurrent incisional hernia, previous abdom-
inal surgical history, surgical method, elective/emergency 
treatment, sarcopenia index, visceral fat area, abdominal 
wall thickness, hernia sac radius, mesh location, amount 
of blood loss, operative time, and anemia. All patients 
were followed up every 3 months until January 2023.

Changes in abdominal wall mechanics at the onset 
of incisional hernia
The mechanics of the abdominal wall refer to the chang-
ing law of the force and pressure on the abdominal wall 
under different circumstances. When the body is at rest, 
the pressure on the abdominal wall comes mainly from 
its own gravity and the weight of internal organs. This 
is consistent with Laplace’s equation in the spherical 
coordinate system. After hernia repair, the mechanics of 

the abdominal wall also change. The destruction of the 
abdominal wall structure leads to an imbalance in the 
mechanics of the abdominal wall. At this point, the mate-
rial and position of the patch after hernia repair is used 
for additional support and repair of the abdominal wall to 
restore normal function.

According to the mechanics of the abdominal wall, we 
can image the abdominal wall as a hemisphere. The pres-
sure on the abdominal wall is related to the pressure in 
the intra-abdominal wall, the radius of the abdomen and 
the thickness of the abdominal wall. As intra-abdominal 
fat is a representative indicator of the contents of the 
abdominal cavity, we can measure visceral fat to reflect 
intra-abdominal pressure. The thickness of the abdominal 
wall is an indicator of the strength of the abdominal wall, 
so according to this formula, we measured the thickness 
of the abdominal wall around the peri-incisional hernia, 
as well as the distance from the abdominal wall to the 
spine at the site of the incisional hernia, which, in com-
bination with the abdominal visceral fat, systematically 
responded to all the pressures on the abdominal wall at 
the site of the incisional hernia.

CT scan parameters
All CT scans were performed using a Philips 128-slice 
spiral CT, which included at least the third lumbar level. 
Other parameters were as follows: pitch 0.625, scanning 
time 0.35 s, matrix 51 2 × 51 2, and tube voltage 1 20 kV, 
1 00 ~ 200 A. The reconstruction thickness was 5  mm. 
All patients were informed and signed informed consent 
before the scan. The abdominal CT images at the level 
of the 3rd lumbar vertebra were extracted and analyzed 
by using Slice-O-Matic 5.0 software [9]. The area of vis-
ceral fat, subcutaneous fat, and abdominal wall muscle at 
the third lumbar level was obtained based on the density 
(−29 to 150 Hu) and the muscle and visceral fat location, 
as shown in Fig. 1.

The sarcopenia index (SMI) is equal to the muscle 
area at the level of the third lumbar vertebra divided by 
the square of the height [10]. According to the previ-
ous literature [11], sarcopenia was defined as SMI < 53 
cm2/m2 for males with BMI ≥ 25 kg/m2, SMI < 43 cm2/
m2 for males with BMI < 25  kg/m2, and SMI < 41 cm2/
m2 for females. The area of visceral fat area (VFA) was 
extracted by the CT scan, and VFA≥100 cm2 was defined 
as excess visceral fat [12]. We measured the thick-
ness of the abdominal wall at four points 1  cm from 
the incisional hernia (above, below, left and right) and 
took the average value as the abdominal wall thick-
ness. The radius of the abdominal cavity is the distance 
from the right and left abdominal walls proximal to the 
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incisional hernia to the median spine in the CT plane at 
the median site of the incisional hernia.

Surgery and follow‑up
All patients underwent bowel preparation prior to 
surgery, and the procedure was performed by a senior 
surgeon. The surgical approach was determined by the 
patient’s specific situation and the surgeon’s custom. 
For IPOM surgery [13], the surgeon uses a staple gun 
to secure the patch to the abdominal wall after sutur-
ing the hernia sac closed, ensuring a spiral staple for 
every 1 cm of patch. For the onlay and sublay [14] pro-
cedures, after removal of the hernia sac, we sutured 
the peritoneum, and then the patch was placed under 
or over the muscle and sutured to the abdominal wall 
fascia or muscle using absorbable sutures to ensure that 
the patch did not migrate. The patients were required 
to wear an abdominal band 7  days after surgery and 
avoid strenuous exercise for 3 months. We followed up 
with these patients every 3 months. The follow-up visit 
mainly included the presence of hernia recurrence and 
the occurrence of surgery-related complications.

Statistical analysis
The data were analyzed by using SPSS 26.0. All meas-
ured data that conformed to a normal distribution were 
measured using a t test [15], or if the data did not con-
form to a normal distribution, the data were measured 
with the Mann‒Whitney U test. The χ-squared test or 
Fisher’s exact test was used for qualitative data analy-
sis [16]. The risk factors for incisional hernia recur-
rence were first analyzed by single-factor analysis, and 
those with meaningful data were further subjected 
to multifactor analysis. We also further explored the 
relationship between sarcopenia and incisional hernia 
recurrence [17, 18]. A statistical analysis of the effect 
of visceral fat and BMI on incisional hernia recurrence 
was also performed using a receiver operating charac-
teristic curve (ROC). The ROC curve is mainly used 
to evaluate the quality of a binary classification model, 
and the classification effectiveness of the model can 
be measured by the AUC (area under the curve) in the 
ROC curve. P < 0.05 was considered statistically signifi-
cant [19].

Fig. 1  Imaging feature extraction from CT. A The CT characteristics for incisional hernia patients at the median hernia site in the axis position. r1 
and r2 are the distances of the left and right sides of the incisional hernia to the spine, and the average is the radius of the abdominal cavity. d1 
and d2 represent the thickness of the abdominal wall at the left and right sides of the incisional hernia. The red circles mark the incisional hernia. 
B The CT characteristics for incisional hernia patients in the sagittal position. d1 and d2 represent the thickness of the abdominal wall at the upper 
and lower sides of the incisional hernia. The red circles mark the incisional hernia. C A typical image of the third lumbar level abdominal wall CT 
using Slice-O-Matic 5.0 software for image segmentation, where blue represents subcutaneous fat, red represents muscle area, green represents 
visceral fat, gray represents intestinal canal, and yellow represents bone. D The pressure equation for the surface of the sphere in the Laplace 
equation is T = P*r/2u. According to this equation, P is the pressure inside the sphere, r is the radius of the sphere and u is the thickness of the sphere
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Result
Patients and data
In this study, we enrolled 160 patients who underwent 
incisional hernia repair in Shaanxi Provincial People’s 
Hospital from January 2017 to January 2022. We excluded 
those who had combined incisional infection and com-
bined postoperative intestinal fistula after surgery, and 
finally, we included 129 patients. Sixteen patients suffered 
hernia recurrence after surgery. Fifty patients underwent 
incisional hernia tension-free repair (Sublay + IPOM), 13 
patients underwent hernia tension-free repair (Onlay), 
and 62 patients suffered IPOM. Four patients underwent 
hernia repair with simultaneous intestinal resection. No 
patients died during or after surgery. The age ranged 
from 45 to 75 years old, and there were 41 males and 88 
females. Sixty-five patients had excess visceral fat, and 40 
patients were diagnosed with sarcopenia.

Relationship between sarcopenia and recurrence 
of incisional hernia after surgery
To further demonstrate the relationship between sarco-
penia and recurrence of incisional hernia, we analyzed 
the data between the patients with or without sarcope-
nia and found that there were no significant differences 
in the general data between the two groups, and the 
patients with sarcopenia had a higher recurrence rate 
after incisional hernia repair, as shown in Fig. 2.

Effect of visceral fat and BMI on recurrence of incisional 
hernia
We further explored two indicators that respond to 
obesity, namely, BMI and visceral fat, and by ROC 
curve analysis, we concluded that for incisional hernia 

recurrence, visceral fat has a larger area under the ROC 
curve (0.806 for BMI and 0.876 for visceral fat), as shown 
in Fig. 3. The analysis of risk factors for incisional hernia 
recurrence is shown in Tables 1 and 2. 

Discussion
Recurrence after incisional hernia is an important com-
plication affecting the postoperative period of incisional 
hernia [21]. Repeated surgeries not only increase the pain 
of patients but also add an additional financial burden 
to patients. It was very useful for us to identify hernia 
patients who were prone to recurrence before surgery 
[22], so we can intervene early to reduce the recurrence 
of hernia. In our study, according to the mechanics of the 
abdominal wall, we found that sarcopenia and excessive 
visceral fat are risk factors for the recurrence of incisional 
hernia. Our study provides new insight for the prediction 
of incisional hernia recurrence and may be useful for the 
selection of a surgical approach [9].

Sarcopenia is caused by loss of muscle mass; it not 
only represents the physical and nutritional status of the 
patient but is also an objective response to the strength 
of the abdominal wall, since the abdominal wall is mainly 
supported by the muscles and their fascia [23], and a 
decrease in muscle mass in patients with sarcopenia 
leads to a decrease in the strength of the abdominal wall, 
which subsequently predisposes patients to recurrence 
after hernia repair. Although there are various methods 
to detect sarcopenia, it is more common to use CT meas-
urements of the muscle area at the third lumbar level in 
abdominal disease as the diagnostic criteria for sarcope-
nia used in this study. The present study summarizes and 
analyzes the clinical data and concludes that sarcopenia 
is an important risk factor for postoperative recurrence 
of incisional hernia.

According to the mechanics of the abdominal wall, the 
pressure on one point of the abdominal wall is inversely 
proportional to the thickness of the abdominal wall [24]. 
Sarcopenia, which represents the strength of the abdomi-
nal wall, was associated with recurrence of hernias, which 
is also consistent with mechanics of the abdominal wall. 
In addition to the reason why peri-incisional abdominal 
wall thickness is not associated with the recurrence of 
hernias, it may be related to the abnormal distribution 
of components in the abdominal wall; for example, fat 
is not the main factor affecting abdominal wall strength 
but can lead to an increase in the abdominal wall thick-
ness we measured. Our study facilitates our selection of 
surgical approaches, such as choosing a strong patch for 
older patients with weak abdominal wall strength, and we 
should pay attention to the method of fixation of surgical 
sutures.

Fig. 2  Effect of combined sarcopenia on the recurrence of incisional 
hernia. P = 0.0023
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Table 1  Single-factor and multifactor analyses of risk factors for recurrence after incisional hernia
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Obesity is an important factor in the recurrence of 
imaging after incisional hernia surgery [25], and most 
of the current diagnoses of obesity are based on BMI. 

However, for patients with incisional hernia, visceral 
fat is more responsive to the intra-abdominal volume 
and pressure, which is also consistent with the index 

Table 2  Analysis of general data of patients with or without combined sarcopenia [20]
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of intraspherical pressure based on the mechanics of 
the abdominal wall. Therefore, in this study, visceral fat 
was selected as the study subject, and its relationship 
with recurrence was investigated [26]. It was found that 
patients with high visceral fat were more likely to have 
recurrence of incisional hernia, suggesting that exces-
sive visceral fat is a risk factor for recurrence of incisional 
hernia. In addition, the present study did not find a cor-
relation between the abdominal radius and the recur-
rence of incisional hernia, probably because the method 
we measured did not fully reflect the distance from the 
point of force at the incisional hernia site to the spine.

In this study, we investigated the relationship 
between several abdominal wall and abdominal cav-
ity features based on the mechanics of the abdominal 
wall for incisional hernia recurrence and concluded 
that sarcopenia and excess visceral fat distribution are 
independent risk factors for incisional hernia recur-
rence. However, this study also has many shortcomings: 
(1) it was retrospective, and there was some bias; (2) 
the sample size was small; (3) the definition of sarco-
penia was based on literature standards and may not 
be consistent with this population; (4) the diagnosis of 
sarcopenia did not combine relevant clinical manifesta-
tions; and (5) the material of the patch is different from 
the structure of the abdominal wall, which may cause 
the pressure at this point after repair to be different 
from that of the normal abdominal wall, resulting in 
a certain bias, but the pressure at the patch site after 
repair is still in accordance with the mechanics of the 
abdominal wall, i.e., it is related to the abdominal con-
tents and the strength of the abdominal wall. Moreover, 
this study found that the position of the patch was not 
associated with the recurrence of incisional hernia. In 
the next step of research, we need to further expand the 

sample size and develop diagnostic criteria for sarcope-
nia in people of different sexes and BMIs. In addition, 
it must be mentioned that when diagnosing sarcopenia, 
clinical criteria (muscle strength score, activity endur-
ance score) are also very important, and future research 
needs to comprehensively evaluate clinical data.

In summary, based on noncontrast CT scanning for 
the diagnosis of sarcopenia combined with visceral fat 
area and abdominal wall thickness, this method is sim-
ple and reliable and has a certain predictive effect on 
patients with recurrence of incisional hernia. Although 
this view has not been affirmed by evidence-based 
medicine, we believe that it will play a greater role in 
the preoperative evaluation of incisional hernia, the 
selection of surgical methods and timing and individu-
alized treatment.
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