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A b s t r a c t :  

This paper presents a case of an unhealed incision persisting for four years in 
a 59-year-old male farmer who underwent lumbar decompression and internal 
fixation surgery. Following initial treatment and discharge, the lower end of the 
surgical incision failed to heal, remaining open at approximately 2 centimeters. 
The incision site subsequently experienced recurrent rupture and exudation 
over four years, during which the patient did not receive consistent medical 
intervention. Eventually, the patient underwent debridement for soft tissue 
lesions, leading to satisfactory postoperative recovery. Early detection and 
proper management of patients at risk of poor incision healing can significantly 
improve healing outcomes and enhance patient quality of life.
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1. Introduction
Wound healing is a critical component of postoperative 
recovery, encompassing three phases: inflammation, 
hyperplasia, and remodeling. The effectiveness of incision 
healing is closely tied to postoperative complication rates 
and plays a substantial role in patient quality of life. An 
understanding of the mechanisms underlying incision 
healing can improve current surgical approaches, reduce 
postoperative complications, and lead to new clinical 
treatment strategies.

The inflammatory phase typically commences 
within 24 hours of trauma and is driven by immune cell 

aggregation and cytokine release to clear pathogens and 
necrotic tissue from the wound [1]. Initially, blood vessels 
at the injury site constrict and then dilate, increasing 
blood flow to the affected area and resulting in hematoma 
formation. Inflammatory cells quickly accumulate at the 
wound and release substances that initiate the healing 
process. Proper regulation of the inflammatory response 
is crucial for effective healing; excessive inflammation, 
however, may cause delayed healing, chronic wounds, 
and scarring [2,3].

The hyperplasia phase occurs within days to weeks 
after trauma, characterized by fibroblast growth and new 
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blood vessel formation. During this stage, fibroblasts and 
endothelial cells proliferate to form granulation tissue. 
Growth factors like transforming growth factor β (TGF-β) 
and platelet-derived growth factor (PDGF) stimulate 
the formation of granulation tissue by promoting cell 
proliferation and migration [4]. The primary goal of the 
hyperplasia phase is to fill the wound defect and re-
establish the local blood supply to support the upcoming 
remodeling phase. The quality and rate of healing depend 
significantly on the effectiveness of the hyperplasia stage, 
which can be enhanced through proper nutritional support 
and growth factor application [5]. These processes lay the 
groundwork for subsequent tissue reconstruction [6].

The remodeling phase, occurring weeks to months 
after trauma, enhances the strength and function of the 
incision through collagen reorganization and extracellular 
matrix remodeling. In this stage, granulation tissue 
is gradually replaced by collagen fibers, increasing 
wound strength and elasticity. Several factors influence 
the duration and outcome of the remodeling phase, 
including trauma type, individual physiological state, and 
environmental conditions. Effective interventions such as 
physical therapy and wound care can support this stage, 
reducing the risk of scarring [7,8].

2. Case presentation
2.1. Patient information
The patient, a 59-year-old male farmer with a BMI of 28 
kg/m², was in good health. Four years prior, he underwent 
surgery for lumbar spinal stenosis (L3/4/5) after 
contraindications were ruled out. The procedure included 
endotracheal intubation under general anesthesia, 
navigation-assisted lumbar posterior laminectomy, 
decompression, disc removal, and bone graft fusion with 
internal fixation. The surgery proceeded smoothly, and 
the patient had a stable recovery after discharge. Before 
discharge, the incision on the waist, approximately 10 
cm in length, was examined and showed good overall 
healing. However, the lower end, about 2 cm long, had not 
healed and exhibited slight exudation. After discharge, the 
patient was advised by the doctor to perform functional 
exercises. Despite this, the waist incision repeatedly 
reopened, producing a slight yellow, sticky exudate. 
The patient received oral antibiotics and local dressing 

changes, but healing did not occur, and a cutaneous sinus 
tract gradually formed, with slight intermittent exudation.

Three months ago, a polyp appeared at the waist 
incision site, measuring approximately 0.3×0.3 cm. The 
polyp was deeply connected to the incision base, was 
painless on palpation, and exhibited a white liquid exudate 
with white mucus attached at its base. A bacterial culture 
of the secretion conducted at a local hospital yielded 
negative results. Surgical intervention was recommended, 
but the specific method was not provided. Seeking 
further diagnosis and treatment, the patient visited the 
hospital. After a comprehensive medical history, physical 
examination, and imaging review, he was diagnosed with 
a “lumbar skin sinus tract” and subsequently admitted for 
treatment.

2.2. Specialist physical examination
The physiological curvature of the waist and the mobility 
of the lumbar spine were normal. A surgical scar, 
approximately 10 cm in length, extended along the L3–S1 
spinal process. About 2 cm below the scar, an area of the 
incision had not healed. A smooth, ruddy spherical polyp 
approximately 0.8 cm in size was visible, protruding from 
the skin surface. It exhibited no tenderness and produced 
a small amount of white mucinous fluid from both the 
incision and the polyp surface. Sensation and muscle 
tone in both lower limbs were normal across all muscle 
groups. The skin temperature of both lower limbs was 
normal, the dorsal foot artery pulsation was palpable, and 
the toe blood circulation was adequate. Bilateral knee 
tendon reflexes and Achilles tendon reflexes were normal. 
Bilateral Babinski signs were negative.

3. The therapeutic process
3.1. Operative treatment
After completing the necessary examinations and ruling 
out surgical contraindications, the patient underwent 
resection of lumbar soft tissue lesions and debridement 
of necrotic skin and subcutaneous tissue under static 
anesthesia with endotracheal intubation. The procedure 
was performed as follows. The patient was placed in a 
supine position, and the surgical area was disinfected 
before a sterile drape was applied. An incision 
approximately 6 cm long was made behind the L3-5 
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vertebrae, extending from the sinus tract. Granulation 
tissue within the sinus tract was removed and submitted 
for bacterial culture. The scar tissue was dissected layer 
by layer, revealing that the sinus tract extended to the 
lamina, where the L4 lamina was missing. Granulation 
tissue from the L5 lamina and the muscle layer behind 
it, measuring about 6 cm by 4 cm, was found to contain 
L4 spinal canal tissue and synovial tissue. Two samples 
of granulation tissue were taken for pathological 
examination and bacterial culture. The sinus tract was 
excised, and granulation and synovial tissue from the 
spinal canal and posterior lamina were thoroughly 
removed. Exploration confirmed that the internal fixation 
devices were securely in place with no signs of loosening. 
Sampling was performed in accordance with the 
Collection Specification for Clinical Test Samples, with 
samples sent for inspection within 2 hours of collection.

3.2. Bacterial culture results
After 2 days of incubation in a standard culture medium, 
no bacterial growth was detected.

3.3. Pathological results
Figure 1 presents findings from the examination of soft 
tissue from the spinal canal post-lumbar surgery. The 
examination showed marked fibrous tissue hyperplasia, 
numerous acute and chronic inflammatory cell infiltrates, 
foam-like macrophages, granulation tissue, and focal 
exudative necrosis.

3.4. Imaging findings
As shown in Figures 2 and 3, the subcutaneous irregular 

signal area in the lumbosacral region showed improvement 
compared to the preoperative state.

3.5. Postoperative care
Following surgery, the patient received anti-inflammatory 
medication, treatments to reduce swelling, pain relief, 
and other supportive care to prevent complications. 
The incision was observed to heal well during dressing 
changes.

4. Discussion
4.1. Factors affecting wound healing
Wound healing is influenced by a range of factors, 
including the patient’s systemic condition, environmental 
aspects, and surgical techniques. Properly managing these 
factors can significantly improve healing outcomes and 
reduce postoperative complications.

4.1.1. Systemic condition
The patient’s overall health plays a crucial role in incision 
healing, as systemic factors directly impact immune 
function, nutritional status, and the body’s ability to 
repair tissue. For example, poor glycemic control in 
diabetic patients often leads to delayed incision healing 
and increases the risk of infection, as high blood sugar 
levels can impair immune response and tissue repair [9]. 
Additionally, the mechanical properties of aging skin can 
hinder healing, making elderly patients more susceptible 
to slow or incomplete recovery [10]. Nutrition is also 
critical, as malnutrition can reduce collagen synthesis, 
weakening blood vessel protection and ultimately 
delaying the healing process [4]. Thus, preoperative 

Figure 1. Pathological section Figure 2. Preoperative Figure 3. Postoperative
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assessment and management of systemic conditions, 
especially chronic diseases, are essential to support 
optimal incision healing.

4.1.2. Environmental factors
Environmental factors such as incision cleanliness, blood 
supply, tissue oxygenation, and infection control are pivotal 
to successful wound healing. A sterile surgical environment 
and adequate blood flow are essential to promote proper 
healing, while the presence of infection can disrupt it [5]. 
Infected wounds can trigger an inflammatory response, 
leading to local tissue necrosis and a prolonged healing 
process [8]. Temperature and humidity at the wound site 
are also influential; maintaining an optimal humidity level 
can enhance cell migration and proliferation, thereby 
accelerating healing [11]. Ensuring a favorable local 
environment throughout surgery and postoperative care is 
thus crucial for effective incision recovery.

4.1.3. Surgical technique and incision type
The surgeon’s technique and the type of incision used 
also play a significant role in determining how well an 
incision will heal. Prolonged exposure to mechanical 
actions such as clamping and ligation can cause aseptic 
tissue inflammation, liquefaction of fatty tissue, and the 
formation of dead spaces, all of which may hinder healing 
if not managed carefully. Furthermore, improper drainage 
can prevent blood absorption, complicating the healing 
process to varying extents [12]. Different incision types 
also heal at different rates; more complex incisions can 
cause greater tissue damage and therefore require longer 
recovery times [13]. Surgeons should consider how their 
chosen techniques and incision types will impact healing 
and make adjustments to ensure optimal outcomes [14].

4.2. Assessment and evaluation methods for 
incision healing
Identifying patients at risk of poor incision healing early in 
the recovery process allows for timely interventions that 
can enhance healing and improve clinical outcomes [15,16]. 
Continuous research into the mechanisms of incision 
healing is leading to the development of new treatments 
and techniques, broadening the options available to 
improve healing outcomes [17,18].

4.2.1. Visual assessment criteria
Visual assessment is one of the most commonly used 
clinical observation tools, relying on the observer’s 
experience for accuracy. However, existing visual 
assessment tools and scoring systems sometimes lack 
sufficient sensitivity and specificity, making it challenging 
to capture the complexities of incision healing thoroughly 
[19]. This limitation emphasizes the need for more 
objective and standardized methods to enhance the 
precision and reliability of visual evaluations.

4.2.2. Scoring systems
Scoring systems convert clinical observations into 
quantifiable data, aiding in the analysis and comparison 
of incision healing progress. The National Pressure 
Ulcer Advisory Panel (NPUAP) scoring system, for 
instance, assesses ulcer severity based on depth, color, 
and surrounding skin condition [20]. Another widely 
used system is the Bates-Jensen scoring system, which 
evaluates wound healing objectively and minimizes 
observer bias [21]. While scoring systems improve the 
reliability of clinical observations, their effectiveness 
depends on rigorous scientific validation and clinical 
applicability, underscoring the need for ongoing 
refinement and verification.

4.2.3. Imaging techniques
Imaging plays a pivotal role in incision assessment, 
though ongoing optimization is essential to ensure these 
methods are feasible and safe for clinical use.

(1) Ultrasonography: Ultrasound is a non-invasive, 
real-time imaging technique that provides 
detailed images of the tissue surrounding 
incisions, aiding in procedures like guided 
puncture and drainage while minimizing pain 
and complications [22]. Studies show that low-
frequency ultrasound can inhibit IL-6 and TNF-α 
expression while increasing VEGF and TGF-β1 
levels, thus promoting healing in diabetic rat 
models [23]. However, ultrasound’s effectiveness 
depends on the operator’s skill, which can lead 
to subjective variations in results.

(2) Magnetic resonance imaging (MRI): MRI is 
particularly useful for visualizing soft tissues, 
as it provides detailed images of structures 
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surrounding incisions and highlights pathological 
changes such as edema, inflammation, and scar 
formation [24,25]. Given these advantages, 3D MRI 
is highly valuable for evaluating wound healing. 
However, the high cost and lengthy examination 
times limit MRI’s utility in emergency settings, 
where quicker diagnostic tools are often 
required.

(3) Computed tomography (CT): CT scans are 
beneficial for assessing gas distribution, 
abdominal incision healing, and injuries from 
blunt trauma [26]. They have also been used in 
rare case reports of infections following hernia 
repairs associated with methicillin-resistant 
staphylococci [27]. Advances in CT technology, 
such as photon-counting detector CT (PCD CT), 
enable low-dose examinations with improved 
image quality, particularly for pediatric patients 
[28]. The development of targeted CT contrast 
agents holds promise for enhancing imaging 
contrast and utility in clinical settings [29].

4.2.4. Biomarkers in incision assessment
Biomarkers have gained recognition for their role in early 
diagnosis, prognosis, and treatment monitoring in wound 
healing. Biomarkers reflect physiological and pathological 
processes and offer insights into factors affecting healing, 
particularly in cases of chronic or complex wounds.

(1) Diabetic wound healing: Chronic wounds in 
diabetic patients are influenced by inflammation, cell 
proliferation, angiogenesis, and extracellular matrix 
(ECM) remodeling. Elevated levels of hydrogen peroxide 
(H₂O₂) and reactive oxygen species (ROS) are associated 
with delayed healing in diabetic foot ulcers (DFUs), and 
biomarkers like CXCL12 and neutrophil extracellular 
traps (NETs) have been linked to impaired healing 
in diabetic wounds [30-32]. Additionally, high levels of 
citrullinated histone 3 (citH3) are associated with poor 
healing and an increased risk of amputation [33].

(2) Infection markers: Infected chronic wounds 
delay healing significantly. C-reactive protein, 
procalcitonin, prolactin, and bacterial protease activities 
serve as valuable indicators of infection and can aid in 
timely diagnosis and intervention [34]. For burn patients, 
biomarkers such as hsa-miR-21 and hsa-miR-31 are 

involved in regulating the fibroproliferative response, 
providing additional insights for treatment [35].

(3) Matrix metalloproteinases (MMPs): MMPs 
are critical to wound healing, with changes in their 
levels corresponding to various stages of the process 
[36]. Monitoring MMP levels is particularly useful for 
evaluating prolonged healing in dense connective tissues, 
such as the Achilles tendon, and managing chronic 
wounds [37,38].

Advances in omics and DNA origami technology 
are paving the way for rapid and sensitive biomarker 
detection in clinical settings, enhancing precision 
medicine [39]. The integration of biomarkers with digital 
technology to create digital biomarkers enables real-
time monitoring and personalized care, which represents 
a promising direction for future research [40]. The 
exploration of biomarkers specific to different disease 
states holds the potential for improving early diagnosis 
and treatment efficacy across various conditions [41,42].

4.3. Advances in incision healing treatments
Significant progress has been made in treating incisions to 
enhance healing rates, reduce complications, and improve 
patient outcomes. Innovations in suture techniques, 
wound therapy, biomaterials, molecular biology, and 
tissue engineering offer promising solutions to the 
challenges associated with wound healing.

4.3.1. Suture techniques
The primary purpose of suture techniques is to align 
wound edges precisely, facilitating healing and 
minimizing scarring. Recent technological advances 
have introduced new suture methods that reduce 
postoperative complications and promote faster recovery 
[43]. Additionally, the development of more biocompatible 
suture materials has improved suture efficacy by lowering 
the risk of infection and further supporting healing [44].

4.3.2. Negative pressure wound therapy
Negative pressure wound therapy (NPWT) applies 
localized negative pressure to the wound surface, which 
enhances blood flow, decreases tissue edema, and aids in 
the removal of exudates [45,46]. Moreover, a cost-effective 
version known as “Turtle VAC” has demonstrated 
favorable clinical outcomes, expanding NPWT’s 
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applications in healthcare [47].

4.3.3. Advanced wound dressings
The selection of appropriate wound dressings is essential 
for incision healing. Modern dressings come in diverse 
types tailored to specific needs, such as high-exudate 
foam dressings for heavy drainage and hydrogel dressings 
for dry or necrotic tissues. Transparent film dressings are 
another option that can protect the wound while allowing 
for observation [48,49]. Technological innovations have 
also led to novel dressings, such as hydrogel combined 
with phototherapy, which enhances the healing process 
[50,51]. Clinicians are encouraged to select dressings based 
on wound type and patient condition for optimal healing 
outcomes.

4.3.4. Biomaterials in tissue regeneration
Biomaterials have proven effective in tissue repair, 
with advances in polymers, ceramics, and composites 
offering high biocompatibility that fosters cell growth 
and tissue regeneration [52]. Collagen-based biomaterials, 
particularly useful in skin and soft tissue engineering, 
show promise for promoting healing [53]. Additionally, 
genetic engineering now allows researchers to design 
biomaterials with targeted biological functions, enhancing 
the regenerative effects of tissue repair interventions [54].

4.3.5. Molecular biology and gene therapy
Molecular biology research has led to important 
advancements in chronic and diabetic wound healing. 
Growth factor gene therapy, for example, has shown 
efficacy in accelerating wound healing and enhancing 
clinical outcomes. Combining hepatocyte growth factor 
with insulin-like growth factor-1, for instance, mitigates 
oxidative stress and aids cellular repair [55,56]. Researchers 
are exploring combinations of multiple growth factors, 
including engineered proteins that boost the effectiveness 
of certain receptor tyrosine kinase inhibitors [57]. In 
addition to growth factors, exosome products have been 
studied for their regenerative potential. Clinical-grade 
platelet exosome products (PEP), combined with fibrin 
sealants, have been shown to promote wound healing and 
complete skin regeneration in chronic wounds [58].

Ongoing RNA-based research is providing insights 
into incision management, especially for diabetic 

patients. Hypoxia-pretreated ADSC exosomes containing 
Circ-Snhg11, for example, activate the miR-144-3p/
HIF-1α/VEGF signaling pathway to support vascular 
differentiation and healing in diabetic wounds. Other 
RNA-based therapies, such as LncRNA FAM83A-AS1 
and LncRNA-H19, have also demonstrated potential for 
promoting fibroblast proliferation and wound healing in 
diabetic foot ulcers (DFUs) [30].

4.3.6. Advances in tissue engineering and bioprinting
Tissue engineering innovations, particularly in bioprinting, 
have created new opportunities in regenerative medicine. 
Recent developments in 3D bioprinting technology have 
enabled the creation of complex tissue structures that offer 
an optimal environment for cell growth [59]. Additionally, 
organoid technology is showing potential in simulating 
organ function, facilitating more accurate drug testing, 
and developing disease models [60].

In muscle tissue engineering, advancements in 
biomaterial-based scaffolding and optimized cell sourcing 
have improved muscle regeneration efficiency [61]. 
Research is also focused on vascular tissue engineering, 
developing innovative approaches to address the shortage 
of vascular transplantation options in clinical practice 
[62]. Although these biomedical advances hold substantial 
promise for clinical application, challenges related to 
safety, effectiveness, cost, and patient acceptance remain 
key considerations for successful implementation [63].

Interdisciplinary research in nanotechnology, 
biomaterials, and regenerative medicine continues to 
inspire novel healing-promoting treatments [64]. The 
integration of genomics and proteomics is also expected 
to aid in identifying healing-associated biomarkers, 
enabling early intervention and personalized treatment 
approaches [42]. Future research should focus on fostering 
collaboration across disciplines to bridge the gap between 
basic research and clinical applications, ultimately 
addressing the complexities of wound healing and its 
associated clinical challenges.

5. Conclusion
Incision healing is a complex process influenced 
by multiple factors. A thorough investigation of the 
mechanisms underlying incision healing will enhance 
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understanding of its biological basis and aid in developing 
personalized assessment criteria and interventions for 
various types and locations of incisions. Despite ongoing 
research, poor incision healing continues to affect clinical 
outcomes. Future studies should focus on optimizing 
current treatment options, and systematically evaluating 

the effects of different strategies by combining clinical 
trials with foundational research. Additionally, emphasis 
should be placed on multidisciplinary collaboration to 
integrate advancements in surgery, regenerative medicine, 
and materials science, thereby promoting progress in 
incision healing technology.
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