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Collagen metabolism and incisional hernia recurrence:
a comparative study between oncologic and
non-oncologic patients
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A significant challenge in incisional hernia repair is the recurrence risk, which may be influenced by the structural
integrity of collagen within the tissue. This study investigated the role of collagen metabolism in hernia recurrence by
comparing oncologic and non-oncologic patients, focusing on collagen I/1II ratios and their impact on tissue strength
and surgical outcomes. A comparative clinical study was conducted on 50 patients (30 oncologic, 20 non-oncologic)
undergoing incisional hernia repair. Collagen composition was analyzed using stereomicroscopy, and statistical com-
parisons were performed using independent /-tests and chi-square tests to assess differences in recurrence rates and
tissue properties between groups. Results indicated that oncologic patients had significantly lower collagen I/11I ratios
(P < 0.001), suggesting structurally weaker tissue, which correlated with higher recurrence rates (18% in oncologic
vs. 10% in non-oncologic patients). Furthermore, the sublay mesh repair technique demonstrated superior outcomes
with lower recurrence rates compared to onlay repair, reinforcing its role in mitigating complications associated
with poor collagen integrity. The study results indicated that oncologic patients had impaired collagen remodeling,
contributing to an increased risk of recurrence. Individualized surgical strategies, including targeted preoperative
interventions, may help mitigate these risks and enhance patient outcomes. Given the observed disparities, further
research 1s warranted to explore targeted therapeutic approaches that enhance tissue quality and improve long-term
surgical success in high-risk patient populations.

incisional hernia, collagen metabolism, collagen I/III ratio, hernia recurrence, oncologic patients,
stereomicroscopy

INTRODUCTION

Incisional hernias are a frequent complication following abdom-
inal surgery, occurring in 10-20% of laparotomy cases [1,2].
These hernias develop due to mechanical strain at the incision
site, leading to failure in tissue healing and subsequent protru-
sion of intra-abdominal contents. While incisional hernias are
problematic for all surgical patients, their recurrence rates are
notably higher in oncologic patients due to the systemic effects
of cancer treatments and disease progression [3]. Oncologic pa-
tients frequently undergo chemotherapy and radiotherapy, which
have profound effects on connective tissue integrity and wound
healing capacity. Chemotherapy can lead to fibroblast dysfunc-
tion, reduced collagen synthesis, and increased matrix metallo-
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proteinase (MMP) activity, resulting in poor extracellular matrix
remodeling [2,4].

Additionally, radiotherapy-induced fibrosis and vascular com-
promise may further impair the regenerative processes necessary
for adequate scar formation, making oncologic patients more
susceptible to incisional hernia formation and recurrence [5].

Chronic inflammation and cancer-associated cachexia have
been shown to negatively impact collagen structure, reducing
the tissue’s ability to withstand mechanical stress. Studies suggest
these factors lead to increased extracellular matrix degradation
and impaired wound healing [6]. In many cases, these patients
have multiple risk factors, including malnutrition, immunosup-
pression, and frequent surgical interventions, all of which com-
promise the body's ability to form a strong and durable abdom-
inal wall repair [7]. Given the high prevalence and recurrence
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rates of incisional hernias in oncologic patients, understanding
the role of collagen metabolism is crucial in improving patient
outcomes. Collagen, the primary structural protein in connec-
tive tissue, undergoes continuous remodeling by interacting with
collagen types I and III. A lower collagen I/III ratio has been
associated with reduced tensile strength, making tissues more
prone to herniation [2,4]. In oncologic patients, disturbances in
this balance exacerbate the likelihood of hernia formation and
subsequent recurrence.

This study aimed to analyze the collagen metabolism differ-
ences between 30 oncologic and 20 non-oncologic patients who
underwent incisional hernia repair. Through stereomicroscope
collagen evaluation, we seek to determine whether oncologic
patients exhibit more pronounced alterations in collagen com-
position and how these findings may influence surgical deci-
sion-making. By identifying key pathophysiological differences,
this research may help refine preventive strategies, optimize mesh
selection, and develop tailored interventions for reducing inci-
sional hernia recurrence in this high-risk patient population.

MATERIAL AND METHODS

This comparative study was conducted at the General Surgery
Clinic of Carol Davila Nephrology Hospital between January
2021 and December 2023. A total of 50 patients were includ-
ed, with 30 oncologic and 20 non-oncologic patients undergoing
incisional hernia repair. Patient selection was based on medical
history, clinical examination, and imaging confirmation of inci-
sional hernia.

Inclusion criteria

The study included adult patients aged 18 years or older who un-
derwent incisional hernia repair. Eligible participants had a con-
firmed diagnosis of incisional hernia based on clinical examina-
tion and imaging findings. Both oncologic patients with a history
of treated malignancy and non-oncologic patients undergoing
elective incisional hernia repair were considered for inclusion.
Additionally, all participants provided informed consent before
enrollment in the study.

Exclusion criteria

Patients with ongoing, uncontrolled infections at the surgical site
were excluded from the study, as were those with severe systemic
diseases, such as advanced renal disease or severe heart failure,
that contraindicated surgical intervention. Furthermore, indi-
viduals with recurrent hernias following previous biologic mesh
repair were not included in the study.

Data collection

Comprehensive data were collected, including patient demo-
graphics such as age, sex, comorbidities, and oncologic status.
Detailed oncologic treatment history was recorded, encompass-
ing prior chemotherapy, radiotherapy, and surgical interventions.
Information on previous surgeries was documented to assess the
impact of past procedures on hernia recurrence. The surgical
technique used, whether onlay or sublay mesh repair, was also
noted. Recurrence rates were monitored at follow-up intervals
of 6, 12, and 24 months. Additionally, histopathological analysis

of collagen composition was performed using stereomicroscopic
evaluation to determine collagen I/III ratios, providing further
insight into tissue remodeling and structural integrity.

Statistical analysis

Statistical analysis in this study was conducted using IBM SPSS
Statistics (Version 27), which facilitated data interpretation and
hypothesis testing. Microsoft Excel was employed for data pro-
cessing, organizing patient demographics, surgical outcomes,
and recurrence rates into structured datasets for further anal-
ysis. Additionally, Image] Software was utilized for stereomi-
croscopy-based quantification of collagen, allowing for precise
measurement and visualization of collagen I/III ratios in tissue
samples.

Surgical procedures were standardized across the study pop-
ulation. Mesh repair selection was based on specific criteria, in-
cluding hernia size, location, presence of previous repairs, and
individual patient risk factors. Decisions were guided by estab-
lished surgical protocols and surgeon assessment of optimal re-
inforcement strategies. All patients received perioperative care
according to hospital protocols, including antibiotic prophylaxis,
postoperative monitoring, and follow-up assessments.

The recurrence of the hernia was documented using a combi-
nation of physical examination and imaging studies (ultrasound
or CT scan). Statistical analysis was performed using standard
deviation, mean comparison, and chi-square tests for signifi-
cance.

RESULTS

Patient demographics

The combined bar chart visually compares the mean age and
sex distribution between oncologic and non-oncologic patients
(Figure 1). Blue bars represent the mean age in each group, with
oncologic patients having a higher average age (67.3 years) than
non-oncologic patients (64.1 years). Green bars indicate the
number of male patients in each group (18 in oncologic, 11 in
non-oncologic). Orange bars represent the number of female pa-
tients in each group (12 in oncologic, 9 in non-oncologic).

This chart highlights that oncologic patients tend to be older
and have a slightly higher proportion of male patients compared
to the non-oncologic group. The difference in age distribution
may suggest that older patients, particularly those undergoing
oncologic treatment, have a higher risk of incisional hernia re-
currence, possibly due to age-related changes in collagen metab-
olism and tissue repair mechanisms.

Comparison of Mean Age and Sex Distribution
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Figure 1. Patient demographics
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Primary malignancies in oncologic patients

The distribution of primary malignancies among oncologic pa-
tients provides valuable insight into their risk for incisional hernia
formation. As shown in Figure 2, colorectal cancer was the most
prevalent malignancy among oncologic patients, which aligns
with the high frequency of colorectal surgeries requiring midline
laparotomies. These procedures significantly weaken the abdom-
inal wall, increasing the likelihood of hernia formation and re-
currence. Additionally, patients with colorectal cancer often un-
dergo neoadjuvant or adjuvant chemotherapy, which can impair
wound healing and collagen synthesis.

Gastric cancer (30%) was the second most common malig-
nancy among oncologic patients. Gastrectomy procedures often
require extensive resections and reconstructions, resulting in in-
creased intra-abdominal pressure variations that predispose pa-
tients to incisional hernia development. Malnutrition, a frequent
issue in gastric cancer patients, further exacerbates wound heal-
ing deficiencies, making this group particularly vulnerable.

Genital cancers (20%), including ovarian, uterine, and prostate
malignancies, also contributed to the patient cohort. The surgical
procedures for these malignancies, such as debulking surgeries
and radical resections, place additional strain on the abdominal
wall. Moreover, some of these patients received hormone thera-
py, which can influence connective tissue remodeling and further
compromise tissue integrity.

These findings suggest that the type and extent of primary
malignancies directly impact the likelihood of incisional hernia
development, reinforcing the need for specialized surgical plan-
ning, optimized mesh reinforcement strategies, and postoperative
monitoring tailored to oncologic patients.

Comorbidities

A comparative analysis of comorbidities in both groups revealed
that obesity, diabetes, and cardiac disease were prevalent in both
oncologic and non-oncologic patients, with no significant differ-
ences between the two groups.

Obesity was present in 28% of oncologic patients and 30% of
non-oncologic patients, demonstrating that excess body weight
contributes similarly to hernia development in both populations.
Diabetes was observed in 22% of oncologic patients and 25% of

Figure 2. Primary malignancies
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Figure 3. Comparison of comorbidities between groups

non-oncologic patients, reinforcing its role in impaired wound
healing and tissue integrity.

Cardiac disease was reported in 18% of oncologic patients and
20% of non-oncologic patients, indicating a comparable impact
of vascular health on surgical outcomes. Other comorbidities
accounted for 32% of oncologic patients and 25% of non-on-
cologic patients, including respiratory disease and autoimmune
disorders.

Both patient groups presented similar risk factors for incisional
hernia formation, including obesity, diabetes, and cardiovascu-
lar disease. Addressing these underlying systemic conditions in
preoperative and postoperative care could improve surgical out-
comes and reduce recurrence rates. The prevalence of comor-
bidities across both patient groups is visualized in Figure 3, high-
lighting similar rates of obesity, diabetes, and cardiac disease,
emphasizing their shared role in incisional hernia development.

Oncologic treatment history

The distribution of prior oncologic treatments highlights the
impact of chemotherapy and radiotherapy on incisional hernia
formation. Chemotherapy (80%) was the most common treat-
ment, known to impair fibroblast function and collagen synthe-
sis, which compromises wound healing. Radiotherapy (55%)
was also a significant factor, contributing to fibrosis and vascular
damage, further reducing tissue integrity. These treatments likely
play a role in the increased hernia recurrence rates observed in
oncologic patients, emphasizing the need for specialized periop-
erative strategies.

Comparison of previous surgeries between oncologic
and non-oncologic patients

The surgical histories of oncologic and non-oncologic patients
offer valuable insights into their predisposition to incisional
hernias. The oncologic group predominantly underwent major
abdominal surgeries associated with cancer treatment, whereas
the non-oncologic group had surgical histories related to benign
conditions.

In the oncologic group, surgical interventions were extensive,
often involving multi-visceral resections and aggressive treatment
approaches. Total hysterectomy with bilateral adnexectomy (6
patients) was one of the most common procedures, primarily
performed for gynecologic cancers. Similarly, right hemicolec-
tomy (3 patients) and left colon segmental resection (5 patients)
reflect colorectal malignancies, a major contributor to abdominal
wall weakening. More complex surgeries such as anterior rectal
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resection (4 patients) and total gastrectomy (9 patients) further
illustrate the significant strain placed on connective tissue integ-
rity in these patients. Other major interventions included radi-
cal prostatectomy (1 patient) and total nephrectomy (2 patients),
both of which involve substantial tissue disruption.

Conversely, in the non-oncologic group, surgical interventions
were largely for benign conditions, suggesting that mechanical
stress rather than systemic oncologic factors influenced hernia
risk. Total hysterectomy with bilateral adnexectomy (5 patients)
was the most frequent procedure in this group, performed for
uterine leilomyoma rather than malignancy. Adnexectomy for
ovarian cysts (4 patients) also accounted for a significant propor-
tion of surgeries. Additionally, primary abdominal wall weak-
nesses were evident, as seen in primary midline hernia repair (7
patients) and umbilical hernia repair (4 patients), conditions that
inherently predispose patients to recurrent hernias.

As depicted in Figure 4, the stark contrast in the nature of
surgeries between the two groups highlights the increased vulner-
ability of oncologic patients to hernia formation due to extensive
tissue trauma, prolonged healing processes, and the influence of
adjuvant therapies. Understanding these differences is critical
for optimizing surgical approaches, ensuring appropriate mesh
selection, and implementing targeted perioperative strategies to
minimize recurrence risks.

Hernia characteristics, surgical technique selection,
and outcomes

The selection of the surgical technique was carefully determined
based on the patient’s surgical history and the structural integrity
of the abdominal wall. The two primary techniques employed
were onlay and sublay mesh repair, each chosen according to the
type of previous surgery and anticipated recurrence risks and
complications.

Onlay mesh repair

This approach was selected for patients who had previously un-
dergone total hysterectomy with bilateral adnexectomy, adnexec-
tomy, nephrectomy, and prostatectomy. The onlay method was
preferred in these cases due to the lower risk of intra-abdominal
adhesions and the advantage of reinforcing the abdominal wall
externally. This technique provided sufficient support for patients
who had undergone surgeries that did not significantly compro-
mise the posterior rectus sheath.

Comparison of previous surgeries in both groups

Number of patients
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Figure 4. Previous surgeries

Sublay mesh repair

This technique was applied to patients who had undergone total
gastrectomy, right hemicolectomy, left colon segmental resection,
anterior rectal resection, and previous primary hernia repairs
(midline and umbilical hernias). Given the nature of these pro-
cedures, these patients had weakened posterior rectus sheaths or
significant loss of domain, making the sublay method the pre-
ferred choice. The sublay technique ensures better intra-abdomi-
nal pressure distribution and stronger mesh integration, reducing
recurrence risks.

Surgical outcomes and one-year follow-up recurrence
rate

In the comparative analysis of the onlay and sublay techniques,
a higher incidence of seromas was observed in the onlay group,
with seven cases recorded. These seromas were small to moder-
ate in size and were managed conservatively without the need for
surgical intervention. Conversely, the sublay group demonstrated
the occurrence of five hematomas. Notably, none of these he-
matomas necessitated surgical reintervention due to their small
size and the favorable outcome observed in follow-up ultraso-
nographic imaging, which revealed complete or near-complete
resorption without further clinical intervention. Furthermore, no
surgical site infections were registered in either group

The comparative outcomes of the surgical techniques at one-
year follow-up provided key insights into their effectiveness in re-
ducing incisional hernia recurrence rates.

At the one-year follow-up, patients who underwent onlay re-
pair had a recurrence rate of 18%, whereas those who received
sublay repair had a lower recurrence rate of 10%. Additional-
ly, the mean hernia defect size varied between the two patient
groups, with oncologic patients presenting a larger average defect
of 8.1 cm (+ 2.3 cm) compared to 6.5 cm (£ 1.8 cm) in non-on-
cologic patients. Patients who underwent sublay repair showed
lower recurrence rates at 1-year follow-up, particularly those with
previous hernia repairs and major intra-abdominal surgeries.
The onlay repair method, though still effective, demonstrated a
higher recurrence rate.

The mean hernia defect size was notably larger in oncologic
patients, with an average of 8.1 cm (SD: 2.3 c¢m) compared to
6.5 cm (SD: £1.8 cm) in non-oncologic patients. This difference
underscores the impact of previous surgeries, oncologic treat-
ments, and compromised collagen metabolism on abdominal
wall integrity.

These findings reinforce the need for personalized surgical
planning, with a preference for sublay repair in patients with
significant abdominal wall defects and previous intra-abdominal
surgeries. Further studies are required to evaluate the long-term
durability of each technique and refine the selection criteria for
optimal patient outcomes.

The selection of the surgical technique was carefully deter-
mined based on the patient's surgical history and the structural
integrity of the abdominal wall.

The role of stereomicroscopy in collagen evaluation

Stereomicroscopy plays a vital role in histopathological analysis,
allowing for a detailed examination of collagen fiber structure,
organization, and maturity. This study was employed to quanti-
fy collagen types by distinguishing between collagen I, which is
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Figure 5. Collagen ratio distribution - Violin Plot

mature, and collagen III, which is immature, based on specific
staining characteristics. Additionally, it provided insights into fi-
ber organization, revealing that oncologic patients tend to have
disorganized collagen networks, whereas non-oncologic patients
display a more structured and aligned fiber arrangement. Fur-
thermore, stereomicroscopy served as a validation tool, ensur-
ing that the numerical data obtained through statistical analysis
accurately reflected the microscopic characteristics of the tissue
samples.

The violin plot in Figure 5 illustrates the distribution of col-
lagen I/1II ratios, emphasizing the distinct collagen remodeling
patterns in oncologic patients. Unlike traditional box plots, vio-
lin plots illustrate the density distribution and variability of data,
making them particularly useful in biological tissue studies where
sample heterogeneity is expected.

Oncological patients (left side of the violin plot)

The narrow shape and low median value indicate a consistently
lower collagen I/1II ratio. This confirms a higher proportion of
immature collagen (collagen III), leading to weaker connective
tissue integrity. A lower variability suggests that most oncological
patients exhibit similar levels of impaired collagen remodeling.

Non-oncological patients (right side of the violin plot)

The wider shape and higher median value indicate a greater pro-
portion of mature collagen (collagen I). The broader distribution
suggests that some patients had lower collagen I/III ratios, but
overall, the collagen maturation process was more advanced than
in oncological patients. This supports the hypothesis that non-on-
cological patients undergo better extracellular matrix remodel-
ing, leading to stronger connective tissue formation.

In the oncological group (n = 30), the analysis of the collagen
I/11I ratio revealed a striking predominance of immature colla-
gen (collagen III), with a 95% confidence interval ranging from
0.44 to 0.51. This finding suggests that the extracellular matrix
in these patients was composed of structurally weaker connec-
tive tissue, potentially compromising wound healing and tissue
resilience.

Conversely, the non-oncological group (n = 20) had a signifi-
cantly higher collagen I/11I ratio, with a 95% confidence interval
between 1.22 and 1.47. This result indicates a dominant presence
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of mature collagen (collagen I), which is associated with greater
tensile strength and improved tissue integrity.

The statistical comparison between the two groups yielded an
exceptionally low P value (4.84 X 10%'), confirming a highly sig-
nificant difference. These findings strongly support the hypothe-
sis that oncological patients have an altered collagen composition
characterized by a higher proportion of immature collagen. This
may contribute to an increased risk of incisional hernia relapse
due to impaired tissue remodeling and mechanical stability.

DISCUSSION

A significant difference in collagen composition was observed
between oncologic and non-oncologic patients with incisional
hernias. Oncologic patients demonstrated a lower collagen I/11I
ratio, indicating a higher presence of immature collagen, which
correlates with weaker tissue integrity and an elevated recurrence
risk. These findings align with previous research highlighting the
effects of systemic oncologic factors on extracellular matrix re-
modeling and wound healing [7,8].

Collagen composition and hernia recurrence

Collagen is the principal structural protein responsible for tensile
strength and mechanical stability of connective tissue. The bal-
ance between type I and type III collagen plays a crucial role in
tissue remodeling and wound healing [7,9]. Type I collagen pro-
vides superior tensile strength, whereas type III collagen is pre-
dominantly found in early wound healing but lacks mechanical
robustness. A persistently low collagen I/1I1 ratio, as observed in
oncologic patients, suggests defective matrix maturation, which
may contribute to increased hernia recurrence rates [10,11].

The significant difference in collagen I/1II ratios between on-
cologic and non-oncologic groups strongly supports the hypoth-
esis that oncologic patients have impaired collagen remodeling.
Prior research has documented that oncologic treatments such
as chemotherapy and radiotherapy interfere with fibroblast func-
tion, leading to reduced collagen synthesis and increased matrix
metalloproteinase (MMP) activity [10-12]. MMPs degrade col-
lagen, further weakening the extracellular matrix and increasing
susceptibility to herniation [13-15].

Impact of oncologic treatments on connective tissue
integrity

Chemotherapy and radiotherapy exert profound effects on con-
nective tissue integrity. Chemotherapeutic agents such as fluo-
rouracil and cisplatin have been shown to impair fibroblast pro-
liferation and decrease collagen synthesis, which may result in
delayed or inadequate wound healing [16,17]. Furthermore, ra-
diotherapy induces fibrosis through excessive deposition of disor-
ganized collagen, disrupting normal wound healing and altering
the biomechanical properties of connective tissue [18,19].

The findings of this study highlight the need for targeted in-
terventions in oncologic patients undergoing incisional hernia
repair. Given their compromised extracellular matrix, enhanced
preoperative strategies, including nutritional optimization, col-
lagen supplementation, and tailored surgical planning, may be
necessary to improve outcomes. Previous studies suggest that pre-
operative administration of prolyl hydroxylase inhibitors, which
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enhance collagen cross-linking, may improve wound tensile
strength in patients with collagen deficiencies [20,21].

Surgical implications and technique selection

In our study, the comparative analysis of mesh repair techniques
demonstrated that sublay mesh repair was superior, with a lower
recurrence rate of 10% compared to 18% in onlay repair. These
findings are consistent with previous studies indicating that the
sublay technique provides superior mesh integration and distrib-
utes intra-abdominal pressure more effectively, particularly in
patients with weak connective tissue [22,23].

Oncologic patients in this study presented with larger mean
hernia defects (8.1 cm vs. 6.5 cm in non-oncologic patients), em-
phasizing the need for reinforced repair strategies. The increased
incidence of seromas in the onlay repair group suggests that this
technique may be less favorable in patients with compromised
wound healing capacity. Studies have indicated that biologic or
hybrid meshes may offer advantages in oncologic patients due
to their ability to integrate into the host tissue while minimizing
foreign body reactions [23-25].

Future directions and clinical recommendations

Further research is necessary to explore adjunctive therapies to
improve collagen synthesis and wound healing in oncologic pa-
tients. Potential strategies include recombinant growth factors
such as platelet-derived growth factor (PDGF) and transforming
growth factor-beta (TGF-f3), which have been shown to enhance
fibroblast function and extracellular matrix deposition [9,26].
Additionally, clinical trials assessing the long-term efficacy of bi-
ologic and composite meshes in oncologic patients could provide
valuable insights into optimizing surgical outcomes [27].

Considering the role of collagen metabolism in hernia recur-
rence, a multidisciplinary approach involving oncologic, surgi-
cal, and rehabilitative expertise is recommended. Implementing
prehabilitation programs, including nutritional optimization and
targeted surgical planning, may enhance recovery and reduce re-
currence rates in oncologic patients undergoing incisional hernia
repair.

CONCLUSION

Collagen composition and hernia recurrence

This study confirms a significant disparity in collagen composi-
tion between oncologic and non-oncologic patients, with onco-
logic patients exhibiting a lower collagen I/III ratio. This im-
balance contributes to a structurally weaker extracellular matrix,
increasing the likelihood of incisional hernia recurrence. The
findings support the role of impaired collagen remodeling in her-
nia formation and reinforce the need for targeted interventions
in high-risk patients.

Impact of oncologic treatments on connective tissue
integrity

Oncologic treatments, including chemotherapy and radiothera-
py, have a profound negative impact on collagen synthesis and
extracellular matrix remodeling. These therapies impair fibro-
blast function, reduce collagen deposition, and promote fibrosis,

significantly increasing the risk of incisional hernias. Optimizing
preoperative strategies, such as nutritional supplementation and
antifibrotic therapies, may help mitigate these effects.

Surgical technique selection and recurrence rates

The choice of surgical technique significantly influences recur-
rence rates. This study demonstrated that sublay mesh repair was
associated with lower recurrence rates (10%) compared to onlay
repair (18%), particularly in patients with extensive abdominal
wall defects. Given these findings, sublay mesh placement should
be the preferred technique in high-risk oncologic patients.

Influence of hernia defect size on surgical outcomes

Oncologic patients presented with significantly larger hernia de-
fects (mean: 8.1 cm) compared to non-oncologic patients (mean:
6.5 cm). Larger defects were associated with increased recurrence
rates and greater difficulty in surgical repair. This highlights the
importance of early detection and intervention to prevent further
deterioration of abdominal wall integrity.

Role of stereomicroscopy in assessing collagen
composition and guiding surgical strategies

The use of stereomicroscopy in this study provided precise
quantification of the collagen I/III ratio, revealing significant
differences between oncologic and non-oncologic patients. This
technique is valuable for assessing connective tissue integrity and
may help tailor surgical approaches based on individual colla-
gen composition. Future research should explore the potential
for integrating stereomicroscopy into clinical decision-making to
optimize hernia repair strategies, particularly in patients at high
risk for recurrence.

Future directions for research and clinical practice

Further research is needed to explore innovative therapies for
improving collagen synthesis and wound healing in oncologic
patients. Potential avenues include the use of growth factors, an-
tifibrotic agents, and tissue engineering techniques to enhance
extracellular matrix remodeling. Additionally, a multidisciplinary
approach involving surgical, oncologic, and rehabilitation teams
is essential to optimizing patient outcomes and reducing incision-
al hernia recurrence.

Conflict of interest
The authors declare no conflict of interest.

Ethical approval

The study was approved by the Institutional Ethics Committee
of Carol Davila Nephrology Hospital on 11 January 2021 with
the number 3/2021

Consent to participate
Written informed consent was obtained from all participants.

Authorship

VP, RPA, and DG contributed to conceptualization, methodolo-
gy validation, editing, and formal analysis. VS, IP, and TB con-
tributed to reviewing and supervision. DC, VS, and DM contrib-
uted with resources, data curation, and review. MZ, MB, Anca

JOURNAL of MEDICINE and LIFE. VOL: 18 ISSUE: 2 FEBRUARY 2025

© 2025 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.



JOURNAL of MEDICINE =nd LIFE

Tigora, PS, AP, and CP contributed to the investigation and data
analysis. VP, RPA, DG, MZ, MB, and AT contributed to writing
— original draft preparation.

REFERENCES

1. Fink C, Baumann P, Wente MN, Knebel P, Bruckner T, Ulrich A, Werner J, Biichler
MW, Diener MK. Incisional hernia rate 3 years after midline laparotomy: Br J Surg:
2014 Jan;101(2):51-4. doi:10.1002/bjs.9364

2. Rosch R, Junge K, Knops M, Lynen P, Klinge U, Schumpelick V. Analysis of
collagen-interacting proteins in patients with incisional hernias. Langenbecks Arch
Surg 2003;387(11-12):427-32. doi:10.1007/500423-002-0345-3

3. Ray M, Kumar A & Maranna H. Incidence of incisional hernia in patients
undergoing cytoreductive surgery and hyperthermic intraperitoneal chemotherapy:
an observational clinical study from a tertiary oncology referral care center in India.
World J Surg Onc. 2024 May 17;22(1):132. doi: 10.1186/512957-024-03408-3

4. Radu B, Bratucu M. The role of collagen metabolism in the formation and relapse of
incisional hernia. Chirurgia (Bucur). 2015;110(5):456-61.

5. Haubner E Ohmann E, Pohl E Stutz J, Gassner HG. Wound healing after
radiation therapy: review of the literature. Radiat Oncol. 2012 Sep 24;7:162. doi:
10.1186/1748-717X-7-162

6. Webster JM, Kempen LJAE, Hardy RS, Langen RCJ. Inflammation and Skeletal
Muscle Wasting During Cachexia. Front Physiol. 2020 Nov 19;11:597675. doi:
10.3389/fphys.2020.597675

7. de Castro Bras LE, Frangogiannis NG. Extracellular matrix-derived peptides in
tissue remodeling and fibrosis. Matrix Biol. 2020;91-92:176-87. doi:10.1016/j.
Mathio.2020.04.006

8. Theocharis AD, Skandalis SS, Gialeli C, Karamanos NK. Extracellular matrix
structure. Adv Drug Deliv Rev: 2016;97:4-27. doi:10.1016/j.addr:2015.11.001

9. Singh D, Rai V] Agrawal DK. Regulation of Collagen I and Collagen III in Tissue
Injury and Regeneration. Cardiol Cardiovasc Med. 2023;7(1):5-16. doi:10.26502/
Feem.92920302

10.  Hinz B. The extracellular matrix and transforming growth factor-B1: Tale of a
strained relationship. Matrix Biol. 2015;47:54-65. doi:10.1016/j.matbhio.2015.05.006

11.  Farooq M, Khan AW, Kim MS, Choi S. The role of fibroblast growth factor (FGF)
signaling in tissue repair and regeneration. Cells. 2021;10(11):3242. doi:10.3390/
Cells10113242

12. Quan T, Litdle E, Quan H, Qin Z, Voorhees [], Fisher GJ. Elevated matrix
metalloproteinases and collagen fragmentation in photodamaged human skin:
Impact of altered extracellular matrix microenvironment on dermal fibroblast
function. J Invest Dermatol. 2013;133(5):1362-6. doi:10.1038/jid.2012.509

13. Klinge U, Si ZY, Zheng H, Schumpelick V, Bhardwaj RS, Klosterhalfen
B. Collagen I/III and matrix metalloproteinases (MMP) 1 and 13 in the

JOURNAL of MEDICINE and LIFE. VOL: 18 ISSUE: 2 FEBRUARY 2025

14.

20.

21.

22.

23.

24.

25.

26.

27.

fascia of patients with incisional hernias. J Investig Surg 2001;14(1):47-54.
doi:10.1080/089419301750072202

Antoniou SA, Antoniou GA, Granderath FA, Simopoulos C. The role of matrix
metalloproteinases in the pathogenesis of abdominal wall hernias. Eur J Clin Invest.
2009;39(11):953-9. doi:10.1111/5.1365-2362.2009.02199.x

Bracale U, Peltrini R, Iacone B, Martirani M, Sannino D, Gargiulo A, et al. A
systematic review on the role of matrix metalloproteinases in the pathogenesis of
inguinal hernias. Biomolecules. 2023;13(7):1123. doi:10.3390/biom13071123
Eming SA, Martin P, Tomic-Canic M. Wound repair and regeneration: Mechanisms,
signaling, and translation. Sci Transl Med. 2014;6(265):265sr6. doi:10.1126/
Scitransimed.3009337

Akita S. Wound repair and regeneration: Mechanisms, signaling. Int J Mol Sci.
2019;20(24):6328. doi:10.3390/1jms20246328

Straub JM, New J, Hamilton CD, Lominska C, Shnayder Y, Thomas SM. Radiation-
induced fibrosis: Mechanisms and implications for therapy. ] Cancer Res Clin Oncol.
2015;141(11):1985-94. doi:10.1007/500432-015-1974-6

Yu Z, Xu C, Song B, Zhang S, Chen C, Li C, et al. Tissue fibrosis induced by
radiotherapy: current understanding of the molecular mechanisms, diagnosis and
therapeutic advances, ] Transl Med. 2023 Oct 9;21(1):708. doi: 10.1186/512967-023-
04554-0

Goodarzi P, Falahzadeh K, Nematizadeh M, Farazandeh P, Payab M, Larijani B,
et al. Tissue engineered skin substitutes. Adv Exp Med Biol. 2018;1107:143-88.
doi:10.1007/5584_2018_226

Catalano E, Cochis A, Varoni E, Rimondini L, Azzimont B. Tissue-engineered skin
substitutes: An overview: J Artif Organs. 2013;16(4):397-403. doi:10.1007/510047-
013-0734-0

Pereira C, Gururaj S. Onlay versus sublay mesh repair for incisional hernias: A
systematic review. Cureus. 2023;15(1):¢34156. doi:10.7759/ cureus.34156

Basta MN, Kozak GM, Broach RB, Messa CA 4th, Rhemtulla I, DeMatteo RP, etal.
Can we predict incisional hernia?: Development of a surgery-specific decision-support
interface. Ann Surg, 2019;270(3):544-53. doi:10.1097/SLA.0000000000003472
Mazzola Poli de Figueiredo S, Tastaldi L, Mao RD, Lima DL, Huang LC, Lu R.
Biologic versus synthetic mesh in open ventral hernia repair: A systematic review
and meta-analysis of randomized controlled trials. Surgery. 2023;173(4):1001-7.
doi:10.1016/j.5urg:2022.12.002

Dhanani NH, Lee KH, Olavarria OA, Young C, Primus E Holihan JL, et al.
Biologic versus synthetic mesh in ventral hernia repair: Participant-level analysis of
two randomized controlled trials at twenty-four to thirty-six months. Surg Infect.
2023;24(6):554-60. doi:10.1089/5ur.2022.342

Barrientos S, Stojadinovic O, Golinko MS, Brem H, Tomic-Canic M. Growth
factors and cytokines in wound healing. Wound Repair Regen. 2008;16(5):585-601.
doi:10.1111/5.1524-475X.2008.00410.x

Holihan JL, Nguyen DH, Nguyen M'T; Mo J, Kao LS, Liang MK. Mesh location in
open ventral hernia repair: A systematic review and network meta-analysis. World J

Surg: 2016;40(1):89-99. doi:10.1007/500268-015-3252-9

© 2025 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.



