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Application of composite layered repair system using titanium mesh, bone cement and vacuum sealing drainage for chest wall defect
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Objective: To evaluate the therapeutic efficacy of a composite layered repair system utilizing titanium mesh (TM), bone cement (BC) and vacuum sealing drainage (VSD) for chest wall defect reconstruction, providing a reliable theoretical foundation and practical guidance for clinical chest wall trauma management.

Method: A thoracic defect model (≥6 × 6 cm2) was established in 22 adult goat and then divided into the TM + BC + VSD, TM + BC and TM + VSD groups. The survival status, activity status, wound recovery, vital signs, blood routine, arterial blood gas and inflammatory factor levels of the three goat groups were monitored and compared after the operation.

Result: All groups demonstrated comparable survival rates and periods with satisfactory defect repair outcomes. The PaO2 at multiple time points after surgery in the TM + BC + VSD group were higher than those in the TM + BC and TM + VSD groups, while the activity status score, WBC and levels of PaCO2, IL-2, IL-6, IL-10, IL-17 and TNF-α were lower than those in the TM + BC and TM + VSD groups. The SpO2, hemoglobin and erythrocyte were higher than those in the TM + VSD group, and the wound healing score, heart rate was lower than that in the TM + VSD group.

Conclusion: The composite laminated repair system constructed by TM, BC and VSD can increase the survival rate after chest wall defect repair, promote functional recovery, improve oxygenation and reduce inflammatory responses, and has potential clinical application value.
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1 Introduction

Chest wall defect refers to the destruction of the bony structure and/or soft tissue integrity of the chest wall caused by trauma, tumor resection, infection or congenital factors, which is a major challenge faced in the clinical practice of trauma surgery and thoracic surgery (1). From an anatomical perspective, the chest wall is a complex composed of bony structures and soft tissues, and it has important functions such as protecting internal organs and maintaining respiratory movements (2). When the defect range of the chest wall exceeds 5 cm (anterior chest wall) or 10 cm (posterior chest wall), especially when more than three ribs or sternum are involved, it will seriously affect the integrity of the thoracic cage, leading to serious complications such as abnormal breathing, respiratory dysfunction, and even endangering life (3, 4). Therefore, the treatment, repair and reconstruction of chest wall defects have important clinical significance.

Chest wall reconstruction includes bony reconstruction and soft tissue reconstruction, that is, the integrity of the bony structure. Once the stability of the chest wall is restored, the coverage of soft tissues and the free movement of flaps will eventually complete the chest wall reconstruction (5). At present, the materials for reconstructing chest wall defects are classified into three types: autologous tissues, allogeneic tissues and artificial materials. However, a single built-in material has many limitations. Therefore, some scholars have used Hybrid technology to reconstruct the bony thoracic cage and then applied patent-like materials to repair closed chest wall defects. Among them, the “sandwich” composite material containing bone cement (BC) has significant advantages (6, 7). However, it still has disadvantages such as limited chest wall movement after reconstruction, possible local effusion, infection or loosening of the support in the complex, and inability to be applied in the case of infection. Therefore, exploring a bony thoracic cage reconstruction method that is more in line with physiology is the research focus in thoracic surgery.

In recent years, significant progress has been made in chest wall reconstruction techniques. Previous studies have found that titanium mesh (TM) can maintain the integrity and stability of the bony thoracic cage in repairing chest wall defects caused by diseases such as chest wall tumors, and prevent chest wall collapse and abnormal breathing (8–10). In addition, filling the bone defect area with BC stimulates the formation of the induced membrane. The induced membrane can secrete various bone growth factors and adsorb BMSCs and has rich microvessels. It also has the function of isolating and wrapping the bone graft material and has a good bone repair effect (11, 12). Vacuum sealing drainage (VSD) covering the wound surface of soft tissue defects is beneficial for controlling local infection, improving local blood circulation, and promoting the growth of granulation tissue (13). However, when these single materials or techniques are applied to the repair of chest wall defects, there are obvious limitations. Although TM can effectively maintain the stability of the thoracic cage, its mesh structure may lead to open pneumothorax and limited control ability over wound infection (8). Although BC has good anti-infection properties, it lacks sufficient mechanical strength and cannot solve the problem of chest wall floating. Although the VSD technique can achieve wound closure and adequate drainage, it is powerless against chest wall collapse caused by bony thoracic defects. Therefore, this study proposes a composite laminated repair scheme combining TM, BC and VSD technology, aiming to explore the influence of different repair materials and methods on the reconstruction of chest wall defects after chest wall trauma, to provide the experimental basis for subsequent chest trauma management.



2 Materials and methods


2.1 Materials

Twenty-one healthy adult goat (aged 18–25 months, weighing 15–50 kilograms) with normal vital signs and no history of injury or medication were provided by the Fuping County Branch of Shaanxi Junxing Biotechnology Co., LTD. The experimental animal production license and usage permit number is SCXK (Shaanxi) 20180082. After 1 week of adaptive feeding, the animals were provided with free access to feed and water throughout the experimental period. This study was approved by the Institutional Ethics Committee (Approval No. 988YY20230001LLSP).

Surgical cabin supporting Equipment (2007-MFH) provided by the General Armament Department of the People’s Liberation Army of China; TM (150 × 150 mm) was purchased from Zhengzhou Meisen Medical Devices Co., LTD, China; BC (Palacos R + G(antibiotics)) was purchased from Heraeus Medical GmbH; VSD auxiliary material set (NPQ-FL-15 × 15) was purchased from Hunan Depus Medical Devices Co., LTD.



2.2 Establishment of an animal model of chest wall defect

Following general anesthesia, the right thoracic wall tissue of each goat was resected to prepare a thoracic defect model with a size of no less than ≥6 × 6 cm2. The specific steps are as follows (Figure 1): (1) Skin disinfection, skin cutting, separation of fat, muscle and other tissues, and exposure of the 5th to 8th ribs; (2) Measure the size of the defect with a sterile ruler; (3) Use the bone-biting forceps to bite off the 5th to 8th ribs, resect the bitten ribs and the adjacent intercostal muscles, and prepare chest wall defects no less than 6 × 6 cm2; (4) When removing the ribs, ligate the intercostal arteries and apply bone wax to the bone marrow cavity.

[image: Eight images depict a surgical procedure on a goat. Image 1 shows administer an anesthetic intravenously to the goats. Image 2 illustrates the disinfection of the skin in the surgical area. Image 3 features incision. Image 4, Measure and prepare the size of skin damage. Images 5, strip the intercostal muscles and other tissues. Images 6 and Image 7 show Remove the ribs and adjacent intercostal muscles and other tissues. Image 8 Measure and prepare the size of chest wall defects.]

FIGURE 1
 Establishment of an animal model of chest wall defect.




2.3 Reconstruction of chest wall defect

Twenty-one goat were randomly divided into the TM + BC + VSD, TM + BC and TM + VSD groups by random lottery, with 7 goat in each group. The steps for repairing chest wall defects in goat in the TM + BC + VSD group (Figure 2): (1) TM fixation: Measure the size of the chest wall defect, cut an appropriate TM for repair, and fix the TM to the ribs with steel wire. First, fix the right anterior lower rib and the TM, then the right anterior upper rib and the TM, followed by the right posterior lower rib and the TM, and finally the right posterior lower rib and the TM. Finally, use No. 7 silk thread to fix the right anterior and right posterior intercostal muscles and the TM. (2) BC sealing: Then, evenly cover the TM with the adjusted BC, with a thickness of 3 mm to 5 mm. (3) Establish VSD: Cover the surface of the BC with VSD excipients, stick and fix them with medical transparent adhesive tape excipients, connect a portable VSD negative pressure device, adjust the continuous negative pressure suction mode, and adjust the pressure to 50–100 mmHg. Fix the VSD negative pressure device to the neck of the goat with a bandage. (4) After the operation, ceftizoxime at a dose of 5 mg/kg and 20 mL of normal saline were intravenously injected. The repair of chest wall defects in goat in the TM + BC group (Figure 2) was the same as that in the TM + BC + VSD group except for not establishing VSD. The repair of chest wall defects in goat in the TM + VSD group (Figure 2) was the same as that in the TM + BC + VSD group except for not performing BC sealing. After the operation, the operation records were completed. After the goat regained consciousness from anesthesia, they were observed for 2 h to monitor vital signs such as heart rate, respiration, body temperature, and blood oxygen saturation. Once they were stable, they were sent to the breeding farm for rearing for a total of 28 days.

[image: Series of surgical procedures on animal skin. Top section: TM+BC+VSD method, showing measurement, grid application, material overlay, and covered wound. Middle section: TM+BC method, displaying grid and material during and post-application. Bottom section: TM+VSD method, illustrating grid measurement, grid application, and post-application on the wound. Each set includes four progressive steps from preparation to closure.]

FIGURE 2
 Reconstruction of chest wall defects.




2.4 Observational index

Postoperative recovery and vital sign monitoring: The activity status, wound recovery, and vital signs (including heart rate, body weight, body temperature and blood oxygen saturation) of the goat in all three groups were monitored at the following time points: preoperation (T0), and post-operation days 1, 3, 5, as well as weeks 1, 2, 3, and 4 (T1–T7). Chest wall repair was assessed via digital radiography (DR). The effect of composite laminated materials on chest wall injury repair was preliminarily evaluated through radiographic analysis. Activity status score: 1 point: active and with a normal daily food intake; 2 points: Mainly standing but with reduced activity level and range, and daily food intake reduced by one-third compared to normal; 3 points: Mainly lying down, stands up after sound stimulation or physical contact, and daily food intake reduced by half compared to normal; 4 points: Weak, drowsy, responsive to sound stimulation and physical touch but unable to stand, only drinking a small amount of water. Wound recovery score: 1 point: Dry wound with no exudate; 2 points: Wound exudate of 5–10 mL without an unpleasant odor; 3 points: Wound exudate ≥10 mL, accompanied by an unpleasant odor and signs of infection; 4 points: Purulent discharge with a foul smell, and persistent infection symptoms for more than 3 days. (2) Blood gas tests: Arterial partial pressure of oxygen (PaO2) and partial pressure of carbon dioxide (PaCO2) were measured using a blood gas analyzer, and oxygen saturation (SaO2) was monitored via pulse oximetry at all time points (T0–T7). (3)Routine blood and biochemical indicators: Animal blood samples were collected at T0–T7 respectively, and hemoglobin, red blood cells, platelets and white blood cell (WBC) were detected by the fully automatic blood cell analyzer BC-5390, and serum alkaline phosphatase (ALP), blood calcium and blood phosphorus were detected by the fully automatic biochemical analyzer. (4) Serum inflammatory factors: The levels of interleukin-6 (IL-6), IL-2, IL-10, IL-17, IL-4, IL-12p70, tumor necrosis factor-α (TNF-α), and interferon-γ (IFN-γ) at T0–T7 were quantified using ELISA kits.



2.5 Statistical analysis

Data were analyzed and plotted using SPSS26.0. The measurement data were presented as mean ± SD. One-way analysis of variance was used for comparisons among multiple groups, and the LSD method was used for pairwise comparisons afterward. Counting data were described by the number of cases (%), and the chi-square test was used for comparison among multiple groups. For repeated measurement data, repeated measures analysis of variance was used for analysis, and multiple comparisons were conducted using the LSD method. p < 0.05 was considered statistically significant.




3 Result


3.1 General information comparison among the three goat groups

There was no statistically significant difference in the general data among the three goat groups (p > 0.05, Table 1).


TABLE 1 General information comparison among the three goat groups.


	Group
	
n

	Weight (kg)
	Age (month)
	Heart rate (times/min)
	Skin temperature (°C)
	SpO2 (%)

 

 	TM + BC + VSD 	7 	29.87 ± 5.89 	22.0 ± 2.00 	70.00 ± 6.81 	36.4 ± 0.37 	98.0 ± 0.81


 	TM + BC 	7 	29.16 ± 5.56 	21.0 ± 2.47 	75.71 ± 8.59 	36.6 ± 0.41 	98.0 ± 0.95


 	TM + VSD 	7 	31.98 ± 6.18 	22.0 ± 2.00 	73.43 ± 7.80 	36.8 ± 0.46 	98.0 ± 0.82


 	F value 	 	0.357 	0.388 	0.923 	1.606 	0.255


 	p value 	 	0.704 	0.684 	0.415 	0.236 	0.777




 



3.2 Postoperative recovery comparison among the three goat groups

The portable DR detection results revealed that all three repair methods had good repair effects (Figure 3A). At the end of the breeding period, 17 goat survived (with a survival rate of 80.9%). Among them, 6 goat (85.7%) survived in the TM + BC + VSD group and TM + BC group and 5 goat (71.4%) survived in the TM + VSD group. There were no statistically significant differences in the survival rate and survival period among the three goat groups (p > 0.05, Figure 3B).

[image: Four graphs below: A displays Three X-ray images labeled TM+BC+VSD, TM+BC, and TM+VSD show different thoracic views. B displays percent survival for three groups; C shows activity status scores over time; D shows wound recovery scores over time. All graphs compare TM+BC+VSD (red), TM+BC (blue), and TM+VSD (black) groups, indicating different trends and effects.]

FIGURE 3
 Postoperative recovery comparison among the three goat groups. (A) Portable DR imaging of Chest wall defect repair; (B) Postoperative survival comparison among the three groups; (C) Postoperative activity status score comparison among the three groups; (D) Postoperative wound recovery score comparison among the three groups. Compared with the TM + VSD group, *p < 0.05; Compared with the TM + BC group, #p < 0.05.


There were no statistically significant differences in the preoperative activity status score among the three goat groups (p > 0.05, Figures 3C,D). The activity status scores first increased and then decreased after the operation, peaking at T1 (p < 0.05, Figures 3C, D). The activity status scores of the TM + BC + VSD group at T1–T4 were significantly lower than those of the TM + VSD group, and the scores at T3–T4 were significantly lower than those of the TM + BC group (p < 0.05, Figure 3C). The wound recovery scores among the three goat groups continued to decrease from T1 onward. The wound recovery scores of the TM + BC + VSD group at T2–T3 were significantly lower than those of the TM + VSD group (p < 0.05, Figure 3D).



3.3 Vital signs comparison among the three goat groups

There were no statistically significant differences in preoperative body weight, skin temperature, heart rate and SpO2 among the three goat groups (p > 0.05, Figure 4). After the operation, body weight decreased, skin temperature and heart rate initially increased and then decreased. Conversely, SpO2 decreased and then increased (p < 0.05, Figure 4). The heart rate at T4–T5 in the TM + BC + VSD group was significantly lower than that in the TM + VSD group. The SpO2 at T3–T4 was significantly higher than those in the TM + VSD group. No statistically significant differences were observed in body weight among the three groups (p > 0.05, Figure 4).

[image: Four line graphs A, B, C, and D compare different vital signs parameters over time for three groups: TM+BC+VSD (red circles), TM+BC (blue squares), and TM+VSD (black triangles). Graph A shows weight (Kg) decreasing for all groups. Graph B displays skin temperature (°C) patterns peaking at T2, then declining. Graph C depicts heart rate rising to T2, then falling, with significant changes noted at T5 and T7. Graph D illustrates SPO₂ (%) fluctuating slightly, with notable points at T3 and T5. Error bars indicate variability in data.]

FIGURE 4
 Vital signs comparison among the three goat groups. (A) Weight comparison among the three groups; (B) Skin temperatures comparison among the three groups; (C) Heart rates comparison among the three groups; (D) SpO2 comparison among the three groups; Compared with the TM + VSD group, *p < 0.05; Compared with the TM + BC group, #p < 0.05.




3.4 Routine blood and biochemical indicators comparison among the three goat groups

There were no statistically significant differences in preoperative hemoglobin, erythrocyte, platelet, WBC, ALP and calcium-phosphorus product among the three goat groups (p > 0.05, Figure 5). After the operation, the APL continued to decrease, WBC levels and calcium-phosphorus product initially increased and then decreased. Conversely, hemoglobin, erythrocyte and platelet initially decreased and then increased (p < 0.05, Figure 5). The hemoglobin at T7 and the erythrocyte at T4–T5 in the TM + BC + VSD group were significantly higher than those in the TM + VSD group. The WBC at T2–T4 in the TM + BC + VSD group and calcium-phosphorus product was significantly lower than that in both the TM + VSD and TM + BC groups (p < 0.05, Figure 5). No statistically significant differences were observed in the remaining indicators among the three groups (p > 0.05, Figure 5).

[image: Six line graphs A to F compare various blood parameters over time for three groups: TM+BC+VSD, TM+BC, and TM+VSD. Panels A to F represent hemoglobin, erythrocytes, platelets, WBC, ALP, and calcium-phosphorus product. Error bars denote measurement variability.]

FIGURE 5
 Routine blood and biochemical indicators comparison among the three goat groups. (A) Hemoglobin comparison among the three groups; (B) Erythrocyte comparison among the three groups; (C) Platelet comparison among the three groups; (D) WBC comparison among the three groups; (E) ALP comparison among the three groups; (F) Calcium-phosphorus product comparison among the three groups. Compared with the TM + VSD group, *p < 0.05; Compared with the TM + BC group, #p < 0.05.




3.5 Blood gas indicators comparison among the three goat groups

There were no statistically significant differences in the levels of PaO2, PaCO2 and SaO2 among the three goat groups before the operation (p > 0.05, Figure 6). After the operation, the levels of PaO2 and SaO2 initially decreased and then increased, while PaCO2 initially increased and then decreased (p < 0.05, Figure 6). The PaO2 in the TM + BC + VSD group at T2–T5 was significantly higher than that in the TM + VSD group, the PaO2 at T3–T4 was significantly higher than that in the TM + BC group (p < 0.05, Figure 6). The PaCO2 at T3–T5 was significantly lower than that in both the TM + VSD and TM + BC groups (p < 0.05, Figure 6). No statistically significant differences were observed in SaO2 among the three groups (p > 0.05, Figure 6).

[image: Three line graphs labeled A, B, and C show changes over time in PaO2, PaCO2, and SaO2, respectively. Each graph compares three groups: TM+BC+VSD (red circles), TM+BC (blue squares), and TM+VSD (black triangles). Graph A shows increasing PaO2 levels, Graph B shows decreasing PaCO2 levels, and Graph C shows variations in SaO2 levels. Data points are marked with error bars.]

FIGURE 6
 Blood gas indicators comparison among the three goat groups. (A) PaO2 comparison among the three groups; (B) PaCO2 comparison among the three groups; (C) SaO2 comparison among three groups. Compared with the TM + VSD group, *p < 0.05; Compared with the TM + BC group, #p < 0.05.




3.6 Inflammatory factor levels comparison among three goat groups

There were no statistically significant differences in the levels of IL-6, IL-2, IL-10, IL-17, IL-4, IL-12p70, TNF-α and IFN-γ among the three goat groups before the operation (p > 0.05, Figure 7). All measured indices initially increased and then decreased after the operation (p < 0.05, Figure 7). The levels of IL-2 and IL-10 at T2–T4, and IL-6, IL-17 and TNF-α at T1–T5 in the TM + BC + VSD group were significantly lower than those in the TM + VSD group. The levels of IL-2 at T3–4, IL-6 at T1–3, IL-10 at T2–T4, IL-17 and TNF-α at T1–T4 were significantly lower than those in the TM + BC group (p < 0.05, Figure 7). No statistically significant differences were observed in the remaining indicators among the three groups (p > 0.05, Figure 7).

[image: Eight line graphs A to H show cytokine levels over time for three different conditions: TM+BC+VSD, TM+BC, and TM+VSD. Each graph represents a different cytokine: IL-2, IL-4, IL-6, IL-10, IL-12p70, IL-17, TNF-α, and IFN-γ. Data points are plotted at times T0 to T7, indicating initial increase followed by a decline over the period. Error bars represent variability in measurements.]

FIGURE 7
 Serum inflammatory factor levels comparison among three goat groups. (A) IL-2 comparison among the three groups; (B) IL-4 comparison among the three groups; (C) IL-6 comparison among the three groups; (D) IL-10 comparison among the three groups; (E) IL-12p70 comparison among the three groups; (F) IL-17 comparison among the three groups; (G) TNF-α comparison in three groups; (H) IFN-γ comparison among the three groups of goat. Compared with the TM + VSD group, *p < 0.05; Compared with the TM + BC group, #p < 0.05.





4 Discussion

The chest wall defects caused by bullets and explosions during wartime, as well as the extensive tissue defects remaining after chest wall surgery due to trauma, infection, or other reasons, disrupt the integrity of the thoracic cage. This leads to chest wall softening and abnormal breathing, resulting in respiratory and circulatory dysfunction. Repair and treatment are challenging, and the mortality rate is high (14, 15). With the increase in chest trauma and chest wall diseases, clinical cases requiring thoracic reconstruction have gradually risen, garnering growing attention from thoracic surgeons.

At present, materials for reconstructing chest wall defects are classified into three types: autologous tissues, allogeneic tissues and artificial materials. Reconstructing the bony thorax using a patient’s own tissues has disadvantages such as surgical complexity, significant trauma, and limited material availability, making it unsuitable for early or rapid thoracic reconstruction (16, 17). While tissue-engineered bone offering advantages like high histocompatibility, in vivo degradation and replacement, and no need for removal surgery, its limited supply, high cost, prolonged osteogenesis process, and potential immune rejection still restrict its clinical application (18–20). Artificial biosynthetic materials (e.g., Marlex patches, Prolene mesh, Gore-Tex patches, and Bard patches) exhibit high durability, good histocompatibility, no carcinogenicity and no interference from X-ray examination. However, postoperative complications such as respiratory distress, mesh detachment, sinus tract formation and infection remain common (21–23). Given the limitations of a single-material approaches, some scholars have used Hybrid techniques, first reconstructing the bony thorax and then applying patch materials to close chest wall defects. However, this method still has drawbacks, including restricted chest wall mobility, potential local effusion, infection, support structure loosening, and inapplicability in infected cases (24). Therefore, developing a more physiologically compatible method for bony thoracic reconstruction remains a key research focus in thoracic surgery.

In recent years, advancements in materials science and surgical techniques have significantly progressed chest wall reconstruction. Notably, the application of titanium alloys (TM) (8–10, 25), BC (26, 27) and VSD technology (28) has introduced new possibilities for repairing chest wall defects. Yang et al. (29) results showed that chest wall reconstruction utilizing synthetic TM following extensive resections of the malignant tumors of the chest wall allowed for adequate resection size, with acceptable complications and survival benefits. Jung et al. (30) results showed that BC blocks with rigid plate fixation systems are cost-effective alternatives for sternal reconstruction following sternal resection. Gabriel et al. (31) reported that VSD facilitated positive healing outcomes in patients with deep sternal wound infections after sternal defect reconstruction following cardiothoracic surgery. However, these materials or techniques exhibit clear limitations when used alone. TM stabilizes the thoracic cage but fails to address open pneumothorax or wound infections caused by its porous structure. BC reduces infection risk but lacks structural support and is unable to prevent chest wall flail or provide adequate drainage. VSD seals the thoracic cavity and ensures drainage, but cannot correct abnormal respiration from bony defects. Current research has confirmed that the antibiotic-loaded BC combined with VSD may be an effective method for the sternal reconstruction of deep sternal wound infections and can improve the patient’s lung function in a short time (32). In addition, research findings showed that the reconstruction of chest wall defects with mesh, BC, and a titanium rib plate system was an appropriate method to prevent instability of the chest wall (33). However, there are no relevant studies on the combined application of the three methods at present. Therefore, this study pioneers a composite layered repair system, where materials with distinct properties are surgically layered into a functional complex for chest wall reconstruction. Using a goat chest wall defect model, we analyzed this system’s efficacy by combining TM, BC and VSD. The results showed that the TM + BC + VSD group exhibited the most excellent repair effect, and its survival rate (85.7%) was higher than that of the TM + VSD group (71.4%). The analysis of the reasons might be that the continuous negative pressure aspiration of VSD effectively reduces wound effusion, while the local sustained-release effect of antibiotic BC significantly reduces the risk of infection. Notably, all deceased animals developed severe pulmonary infections or respiratory failure, suggesting that special attention should be paid to the prevention of postoperative pulmonary complications in clinical applications. Meanwhile, the TM + BC + VSD group showed significant advantages in functional recovery, and its activity status score was significantly better than that of the TM + VSD group in the early postoperative period and significantly better than that of the TM + BC group in the middle recovery period. Those indicated that the composite layered repair system may promote functional recovery through multiple mechanisms: TM provides structural support, BC maintains chest wall stability, and VSD optimizes the local microenvironment. Furthermore, the superior performance of the TM + BC + VSD group in oxygenation indicators such as SpO2 and hemoglobin may be related to its better maintenance of chest wall compliance, which reduces the occurrence of restrictive ventilation dysfunction.

Studies have shown that BC filled in the bone defect area can stimulate surrounding soft tissues to form an induction membrane and enhancing stability (34, 35). The closed space created by this induction membrane prevents external inflammatory factors and bacteria from infiltrating the defect site, thereby reducing infection risk (36, 37). VSD can mitigate wound infection and down-regulate pro-inflammatory factor expression in wound tissue (38). Bassetto et al. (39) demonstrated that VSD’s effects extend beyond superficial granulation tissue to deeper structures, alleviating inflammation and promoting tissue stabilization. Other studies suggest that VSD treatment modulates cytokine and growth factor profiles in wounds via mechanoreceptor and chemoreceptor signaling, shifting the balance toward anti-inflammatory responses (40). Recent studies have found that the combined treatment of antibiotic-loaded BC and VSD for MDROs-DFUs not only significantly shortens hospital stays and the time to achieve negative MDROs but also reduces patients’ pain and burden, while promoting postoperative recovery, improving local blood supply, effectively reducing inflammatory reactions, and accelerating wound healing (41). In this study, we analyzed the impact of the composite layered repair system (TM + BC + VSD) on inflammatory cytokines. The results showed that all animals experienced a typical post-traumatic inflammatory response process (peaking followed by decline), but the TM + BC + VSD group showed lower peak inflammation and faster recovery. Moreover, the expression levels of multiple pro-inflammatory factors (e.g., IL-6, IL-17, TNF-α) of the TM + BC + VSD group were significantly lower than those of the other two groups. We speculate that this might stem from the local anti-infective effect of antibiotic BC, VSD reduces the retention of necrotic tissue, and the mechanical stability of the composite structure alleviates secondary damage. These insights offer a novel perspective on the molecular mechanisms of trauma repair.

In conclusion, the composite layered repair system (TM + BC + VSD) demonstrates significant advantages for chest wall defect repair. It can better maintain the stability of vital signs in goat, promote wound recovery, effectively improve the blood routine and blood gas indicators of goat, reduce inflammatory responses, promote vascular formation, and thereby promote the regeneration of chest wall defect tissues. It has certain reference value for improving the success rate of treating thoracic war trauma and reducing the disability rate. This study has certain limitations, including that anatomical differences between animal models and humans may limit clinical extrapolation, the short observation period lacks long-term follow-up data, and the small sample size reduces statistical power, etc. Therefore, subsequent studies can extend the observation period to more than 6 months and conduct in-depth mechanism exploration in combination with molecular biological detection methods such as Western blot and PCR.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author/s.



Ethics statement

The animal study was approved by The 988th Hospital of Joint Logistics Support Forces, PLA (Approval No. 988YY20230001LLSP). The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

GL: Conceptualization, Methodology, Writing – original draft. XD: Conceptualization, Writing – original draft. QL: Data curation, Writing – original draft. XC: Formal analysis, Writing – original draft. YD: Investigation, Writing – original draft. SC: Project administration, Writing – original draft. LZ: Software, Writing – original draft. CX: Supervision, Writing – original draft. XS: Writing – review & editing. JZ: Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by Henan Province Medical Science and technology joint construction project (NO. LHGJ20200788).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Correction note

This article has been corrected with minor changes. These changes do not impact the scientific content of the article.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 1. Wang, L, Yan, X, Zhao, J, Chen, C, Chen, C, Chen, J , et al. Expert consensus on resection of chest wall tumors and chest wall reconstruction. Transl Lung Cancer Res. (2021) 10:4057–83. doi: 10.21037/tlcr-21-935 
	 2. Petrella, F, Lo Iacono, G, Casiraghi, M, Gherzi, L, Prisciandaro, E, Garusi, C , et al. Chest wall resection and reconstruction by composite prosthesis for locally recurrent breast carcinoma. J Thorac Dis. (2020) 12:39–41. doi: 10.21037/jtd.2019.07.92 
	 3. Sahni, M, Lakhera, KK, Singh, S, Patel, P, and Sharma, R. Latissimus Dorsi kiss flap for reconstruction of large Chest Wall defect-an underutilized option? Indian J Surg Oncol. (2023) 14:939–42. doi: 10.1007/s13193-023-01813-w 
	 4. Corkum, JP, Garvey, PB, Baumann, DP, Abraham, J, Liu, J, Hofstetter, W , et al. Reconstruction of massive chest wall defects: a 20-year experience. J Plast Reconstr Aesthet Surg. (2020) 73:1091–8. doi: 10.1016/j.bjps.2020.02.010 
	 5. Colella, S, Brandimarte, A, Marra, R, Marinari, S, D'Incecco, A, Di Genesio Pagliuca, M , et al. Chest wall reconstruction in benign and malignant tumors with non-rigid materials: an overview. Front Surg. (2022) 9:976463. doi: 10.3389/fsurg.2022.976463 
	 6. Heo, CY, Kang, B, Jeong, JH, Kim, K, and Myung, Y. Acellular dermal matrix and bone cement sandwich technique for chest wall reconstruction. Arch Plast Surg. (2022) 49:25–8. doi: 10.5999/aps.2021.01067
	 7. Aghajanzadeh, M, Alavi, A, Aghajanzadeh, G, Ebrahimi, H, Jahromi, SK, and Massahnia, S. Reconstruction of chest wall using a two-layer prolene mesh and bone cement sandwich. Indian J Surg. (2015) 77:39–43. doi: 10.1007/s12262-013-0811-x 
	 8. Jung, WJ, Kwak, HH, Kim, J, and Woo, HM. Chest Wall reconstruction using titanium mesh in a dog with huge thoracic extraskeletal osteosarcoma. Animals (Basel). (2024) 14:2635. doi: 10.3390/ani14182635
	 9. Tamburini, N, Grossi, W, Sanna, S, Campisi, A, Londero, F, Maniscalco, P , et al. Chest wall reconstruction using a new titanium mesh: a multicenters experience. J Thorac Dis. (2019) 11:3459–66. doi: 10.21037/jtd.2019.07.74 
	 10. Tasnim, S, Barron, JO, Raja, S, Murthy, SC, and Raymond, DP. Five-year experience with titanium mesh for rigid chest wall reconstruction. JTCVS Tech. (2024) 28:180–90. doi: 10.1016/j.xjtc.2024.08.016 
	 11. Masquelet, A, Kanakaris, NK, Obert, L, Stafford, P, and Giannoudis, PV. Bone repair using the masquelet technique. J Bone Joint Surg Am. (2019) 101:1024–36. doi: 10.2106/JBJS.18.00842
	 12. Han, W, Shen, J, Wu, H, Yu, S, Fu, J, and Xie, Z. Induced membrane technique: advances in the management of bone defects. Int J Surg. (2017) 42:110–6. doi: 10.1016/j.ijsu.2017.04.064 
	 13. Yasheng, T, Mijiti, A, Yushan, M, Liu, Z, Liu, Y, and Yusufu, A. Ozonated water lavage and physiological saline irrigation combined with vacuum-sealed drainage in the treatment of 18 cases of chronic osteomyelitis. J Int Med Res. (2021) 49:300060521999530. doi: 10.1177/0300060521999530 
	 14. Berlin, NL, and Momoh, AO. Reconstruction of Chest Wall defects in resource-constrained settings. Ann Surg Oncol. (2024) 31:3572–4. doi: 10.1245/s10434-024-15154-7 
	 15. Breidung, D, Delavari, S, Grimme, S, Habild, G, Billner, M, Kraus, D , et al. Postoperative complications of flap procedures in chest wall defect reconstruction: a two-center experience. Medicina (Kaunas). (2024) 60:834. doi: 10.3390/medicina60050834
	 16. Gunasekaran, V, Chaturvedi, G, Thanneeru, SK, Gupta, A, and Ahmad, R. Innovative approach to chest wall reconstruction using autologous tissue - the fascia lata in pediatric patients. J Indian Assoc Pediatr Surg. (2024) 29:381–3. doi: 10.4103/jiaps.jiaps_261_23 
	 17. Khalil, HH, Kalkat, M, Malahias, MN, Rhobaye, S, Ashour, T, Djearaman, MG , et al. Chest wall reconstruction with porcine acellular dermal matrix (Strattice) and autologous tissue transfer for high risk patients with chest wall tumors. Plast Reconstr Surg Glob Open. (2018) 6:e1703. doi: 10.1097/GOX.0000000000001703 
	 18. Xie, HQ, Huang, FG, Zhao, YF, Qin, TW, Li, XQ, Liu, C , et al. Tissue-engineered ribs for chest wall reconstruction: a case with 12-year follow-up. Regen Med. (2014) 9:431–6. doi: 10.2217/rme.14.24 
	 19. Kalab, M, Karkoska, J, Kaminek, M, Matejkova, E, Slamenikova, Z, Klvacek, A , et al. Reconstruction of massive post-sternotomy defects with allogeneic bone graft: four-year results and experience using the method. Interact Cardiovasc Thorac Surg. (2016) 22:305–13. doi: 10.1093/icvts/ivv322 
	 20. Girotti, PNC, and Bianchi, F. Chest wall reconstruction, prosthesis and allografts: a narrative review. J Thorac Dis. (2023) 15:7077–87. doi: 10.21037/jtd-23-650 
	 21. Hameed, A, Akhtar, S, Naqvi, A, and Pervaiz, Z. Reconstruction of complex chest wall defects by using polypropylene mesh and a pedicled latissimus dorsi flap: a 6-year experience. J Plast Reconstr Aesthet Surg. (2008) 61:628–35. doi: 10.1016/j.bjps.2007.04.011 
	 22. Palmesano, M, Lisa, A, Storti, G, Bottoni, M, Gottardi, A, Colombo, G , et al. Resection to restoration: assessing the synergy of polypropylene mesh (Marlex(R)) combined with methyl-methacrylate and latissimus dorsi flap for primary chest wall sarcomas. J Plast Reconstr Aesthet Surg. (2024) 93:157–62. doi: 10.1016/j.bjps.2024.04.022 
	 23. Sarcon, AK, Selim, OA, Mullen, BL, Mundell, BF, Moran, SL, and Shen, KR. Expanded polytetrafluoroethylene mesh in chest-wall reconstruction: a 27-year experience. J Thorac Cardiovasc Surg. (2025) 169:303–313.e2. doi: 10.1016/j.jtcvs.2024.05.026 
	 24. Khalil, HH, and Kalkat, M. Therapeutic mammoplasty and dermal flap: a novel hybrid approach for Chest Wall reconstruction. Plast Reconstr Surg Glob Open. (2020) 8:e2593. doi: 10.1097/GOX.0000000000002593 
	 25. Zhao, ZQ, Zhu, XQ, Zhu, MR, and Cai, ZG. Chest wall reconstruction of male: latissimus dorsi kiss flap, rectus abdominis flap and titanium-mesh. Asian J Surg. (2022) 45:1443–4. doi: 10.1016/j.asjsur.2022.02.041 
	 26. Jiang, X, Xu, Y, Li, M, Jiao, G, Rong, X, and Bu, F. Antibiotic-loaded bone cement fixation technique combined with bilateral pectoralis major muscle flaps tension-free management for sternal infection after midline sternotomy. J Cardiothorac Surg. (2024) 19:289. doi: 10.1186/s13019-024-02749-0 
	 27. Ducrot, C, Piffoux, M, Rabattu, PY, Pourquet, A, Peyrot, Q, Robert, Y , et al. Reconstruction with antibiotic loaded single-side gore-tex "Tartine" methyl-methacrylate cementoplasty for pediatric chest wall reconstruction: a 10-case series. Orthop Traumatol Surg Res. (2024) 110:103895. doi: 10.1016/j.otsr.2024.103895 
	 28. Papadakis, M, Rahmanian-Schwarz, A, Bednarek, M, Arafkas, M, Holschneider, P, and Hubner, G. Negative-pressure wound therapy and early pedicle flap reconstruction of the chest wall after epirubicin extravasation. J Vasc Access. (2017) 18:e27–9. doi: 10.5301/jva.5000654 
	 29. Yang, H, Tantai, J, and Zhao, H. Clinical experience with titanium mesh in reconstruction of massive chest wall defects following oncological resection. J Thorac Dis. (2015) 7:1227–34. doi: 10.3978/j.issn.2072-1439.2015.05.13 
	 30. Jung, JJ, Kim, SS, Kang, DH, Moon, SH, Yang, JH, Byun, JH , et al. Sternal reconstruction with bone cement block using the rigid plate fixation technique. Thorac Cancer. (2019) 10:2022–5. doi: 10.1111/1759-7714.13145 
	 31. Gabriel, A, Chan, V, Caldarella, M, and O'Rorke, E. Using closed incision negative pressure therapy specialty dressings over incisions following sternal dehiscence reconstruction. Plast Reconstr Surg Glob Open. (2022) 10:e4623. doi: 10.1097/GOX.0000000000004623 
	 32. Jiang, X, Xu, Y, Jiao, G, Jing, Z, Bu, F, Zhang, J , et al. The combined application of antibiotic-loaded bone cement and vacuum sealing drainage for sternal reconstruction in the treatment of deep sternal wound infection. J Cardiothorac Surg. (2022) 17:209. doi: 10.1186/s13019-022-01951-2 
	 33. Choi, CW, Park, YK, Shin, HK, Lim, JW, and Her, K. Sternal resection and reconstruction for solitary Plasmacytoma of the sternum: case report. J Chest Surg. (2021) 54:400–3. doi: 10.5090/jcs.20.103 
	 34. Tian, Y, Sun, R, Li, Y, Liu, P, Fan, B, and Xue, Y. Research progress on the application of magnesium phosphate bone cement in bone defect repair: a review. Biomed Mater Eng. (2024) 35:265–78. doi: 10.3233/BME-230164 
	 35. Campeiro Junior, LD, Rahal, SC, Souza, MA, Osowski, A, and Silva Junior, JIS. Induced membrane technique using bone cement with or without cefazolin in chicken segmental radius defect. Front Vet Sci. (2023) 10:1027951. doi: 10.3389/fvets.2023.1027951 
	 36. Shah, SR, Smith, BT, Tatara, AM, Molina, ER, Lee, EJ, Piepergerdes, TC , et al. Effects of local antibiotic delivery from porous space maintainers on infection clearance and induction of an osteogenic membrane in an infected bone defect. Tissue Eng Part A. (2017) 23:91–100. doi: 10.1089/ten.tea.2016.0389 
	 37. Liu, X, Ding, G, Zhou, D, and Xiang, L. Antibiotic-loaded bone cement spacer usage combined with membrane induction in infected gap non-unions: a case series. Pak J Med Sci. (2018) 34:1088–93. doi: 10.12669/pjms.345.14569 
	 38. Wang, T, He, R, Zhao, J, Mei, JC, Shao, MZ, Pan, Y , et al. Negative pressure wound therapy inhibits inflammation and upregulates activating transcription factor-3 and downregulates nuclear factor-κB in diabetic patients with foot ulcerations. Diabetes Metab Res Rev. (2017) 33:e2871. doi: 10.1002/dmrr.2871
	 39. Bassetto, F, Lancerotto, L, Salmaso, R, Pandis, L, Pajardi, G, Schiavon, M , et al. Histological evolution of chronic wounds under negative pressure therapy. J Plast Reconstr Aesthet Surg. (2012) 65:91–9. doi: 10.1016/j.bjps.2011.08.016 
	 40. Glass, GE, Murphy, GF, Esmaeili, A, Lai, LM, and Nanchahal, J. Systematic review of molecular mechanism of action of negative-pressure wound therapy. Br J Surg. (2014) 101:1627–36. doi: 10.1002/bjs.9636 
	 41. Guo, H, Xue, Z, Mei, S, Li, T, Yu, H, Ning, T , et al. Clinical efficacy of antibiotic-loaded bone cement and negative pressure wound therapy in multidrug-resistant organisms diabetic foot ulcers: a retrospective analysis. Front Cell Infect Microbiol. (2024) 14:1521199. doi: 10.3389/fcimb.2024.1521199


Copyright
 © 2025 Liu, Ding, Li, Chu, Deng, Cui, Zhou, Xing, Sun and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-12-1681418-g005.jpg
g bog
H (I
* 2 *
8 .8
H i
) C |
2 v 8
g .8
] 2
* 2 L]
—_— — T
g2 8 8 8 g s = £ & o
(T 601x) opleld Avoww)
o L. 1onpoid snioydsoud-wnpled
2 E 8
£ e 2
* e ¥
8
m e #
. ]
) 2
£ F e
X e ¢
R T — T
8 8 g 8§ 8 8 2
o (U,00%) U0k w Ny
g - Fog
g
- e
) -
8 ]
: " gE
L] A |
H s 3
H H
* Y
IEENEE. 8 s 2 2
< (/6) uigoiBowsahy a (VgoLx)oam

T2

B

5 Te 17

4

IR
Time

To

Time

Time





OPS/images/fmed-12-1681418-g006.jpg
Pa02(mm Hg)

@ TIWECWSD # TWEC & TWVsD B

@ TMsBCAVSD 4 TM4EC 4 TMHVSD

TeaCH e
- g5 & TWECHVSD 8 TWEC 4 THWVSD -
90- AW 100-
el
£ 2
o g
Ew. b
S o
7 3 e
D Q a5 @
&
&0 P o4
50- 3 92:
T T Tz T8 T Ts To T T T2 T T Ts Te T To 1 Tz s T T Te 17
Time Time Time





OPS/images/fmed-12-1681418-g003.jpg
Percent survival

TM+BC+VSD TMsVSD
- TMSBCHVSD - TMHBC == TMWVSD  C @ TMHBCHVSD 4 TMHBC  TMVSD D o TWECHWSD & TMIEC & TMAVSD
4
100
 E— g
a3 83
L =
3 §
2 g
8 2 8 2
50 g 8
Zz i o
84 Rl
3 5
2 a9 H I
L 0
10 2 B T T T2 Ts T 15 T 17 T T T T 15 Te
Days Time Time






OPS/images/fmed-12-1681418-g004.jpg
A

(2

Heart rate (Times/min)

@ TM+BC+VSD @ TMBC & TM+VSD

@

- TM+BC+VSD & TM+BC -& TM+VSD

32+ 40
O3
o °
5 2
5
§ g®
571 g
o £ 3r
= 2
26 £
2
3 3
24 T T T T T T T T 35: T T T T T T T T
TO TT T2 T3 T4 T5 Te T7 TO TT T2 T3 T4 T5 Te T7
Time Time
11g " TMBCHVSD & TMIBC & TMAVSD D 105 ® TMBCHVSD & TIWEC 4 TMWSD
120 100:
S .
100 S o5
o
o
801 * 90
60=—r— LA A S s — 85— T T T T
T TT T2 T3 T4 T5 Te 7 TO TT T2 T3 T4 T5 Te T7
Time Time





OPS/images/fmed-12-1681418-g007.jpg
A

& TM#BC+VSD # TM+BC & TM+VSD

® TM+BC+VSD @ TM+BC -& TM+VSD

15 6
=10 =
5 £
2 2
™ v
g 3]
“
hed
0= T T T T T T T 0= T T T T T T
TO T T2 T3 T4 T5 T6 T7 O L Rt TS T6 T7
Time Time
c ® TMHBCHVSD @ TMEC & TvwvsD D @ TMBCHVSD 4 TWM#BC 4 TM+VSD
204 401
154 304
E 5
> o
2104 £ 204 “
S
e #
3 3
54 104
0; O=t=r T T T T T T T
T T T2 T3 T4 T5 T6 T7
Time Time
E 55 @ THECHVSD & THSBC & THAVSD F20 @ TM+BCHVSD @ TM4BC - TM+VSD
2.0 15
€ ="
=) £ 10
B ~
& 1.0 - e
g 2
= 5 AL
054 AR
0.0-—r T T T T T T T 0= T T T T T T T
T T T2 T3 T4 T5 T6 T7 TO T T2 T3 T4 T5 T6 T7
Time Time
G 1oy & THHECHVSD - TMIEC 4 THHVSD H o mwscivso & ™aec & TmsvsD
z 20
= 15:
= =
S E
2 2
] =10
L t
z
= &
5
T
TO T T2 T3 T4 T5 T6 T7

Time

Time





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Application of composite layered repair system using titanium mesh, bone cement and vacuum sealing drainage for chest wall defect



		1 Introduction



		2 Materials and methods



		2.1 Materials



		2.2 Establishment of an animal model of chest wall defect



		2.3 Reconstruction of chest wall defect



		2.4 Observational index



		2.5 Statistical analysis









		3 Result



		3.1 General information comparison among the three goat groups



		3.2 Postoperative recovery comparison among the three goat groups



		3.3 Vital signs comparison among the three goat groups



		3.4 Routine blood and biochemical indicators comparison among the three goat groups



		3.5 Blood gas indicators comparison among the three goat groups



		3.6 Inflammatory factor levels comparison among three goat groups









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Correction note



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fmed-12-1681418-g001.jpg





OPS/images/fmed-12-1681418-g002.jpg
s &
TSA+oa+ L SA+INL






OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Application of composite layered
repair system using titanium
mesh, bone cement and vacuum
sealing drainage for chest wall
defect












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






