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ABSTRACT 

	
Background:
Surgical wound closure methods play a key role in postoperative healing and infection prevention. However, comparative evidence across techniques is fragmented.
Methods:
This systematic review followed PRISMA 2020 guidelines. A search of Scopus, ScienceDirect, Web of Science, and Google Scholar (2000–2024) identified empirical studies evaluating surgical wound closure techniques and reporting clinical outcomes. From 61 retrieved articles, 13 studies met eligibility criteria.
Results:
Barbed sutures consistently reduced closure time without increasing complications. Mesh closure significantly decreased recurrence in hernia-related procedures. Synthetic monofilament sutures demonstrated better healing and lower microbial colonization compared to multifilament natural materials. Staples provided faster closure but offered no clinical advantage in infection or cosmetic outcomes.
Conclusion:
Closure method effectiveness is highly dependent on surgical context and patient characteristics. Evidence supports mesh reinforcement for hernia repairs, barbed sutures for efficiency, and synthetic monofilament sutures for superior healing. These findings highlight the importance of evidence-based selection of closure techniques.




Keywords: barbed sutures, mesh, staples, sutures, surgical site infection, wound closure
                 













1. Introduction
1.1 Rationale
	Wound closure is a fundamental surgical step that directly influences healing trajectories, risk of infection, and patient comfort (Sorg & Sorg, 2023; Van de Kuit et al., 2022; Seidelman et al., 2023; Wilson & Farooque, 2022). Effective closure supports tissue approximation, minimizes tension, and reduces bacterial entry, helping to prevent surgical site infections (SSIs), which remain a major source of postoperative morbidity worldwide (Almadani et al., 2021; Mastud et al., 2021; Krebs et al., 2018; Zhang et al., 2022). As surgical procedures advance, closure methods have evolved from traditional sutures to a diverse array of materials and techniques, including barbed sutures, antimicrobial-coated sutures, self-adhering mesh, zip-based devices, and advanced flap methods (Wang et al., 2021; Zou et al., 2021; Shakil et al., 2025; Ledesma-Orta et al., 2024).

	Given the wide range of available closure technologies, practitioners face increasing complexity when selecting an optimal method. Evidence suggests that different closure materials can vary in tensile strength, microbial adherence, healing performance, recurrence risk, and cosmetic outcomes. Because closure choice is highly context-dependent, varying by surgery type, wound class, tension profile, and patient risk factors, there is a need for a clear, systematic synthesis of the empirical evidence comparing closure methods. Despite numerous primary studies, no unified systematic review has comprehensively evaluated closure techniques across surgical specialties while using a transparent and rigorous methodology. This SLR aims to fill this gap by providing clinicians and researchers with consolidated evidence to guide wound closure decision-making and improve patient outcomes.

1.2 Objectives and Research Question

	Guided by the PRISMA 2020 framework, this systematic review seeks to provide a comprehensive and evidence-based understanding of surgical wound closure practices across multiple clinical contexts. Specifically, the review aims to:

i. Critically evaluate the comparative effectiveness of major wound closure methods, including sutures, staples, mesh reinforcement, flap techniques, and emerging closure technologies.
To guide this objective, the review is anchored by the following research question:
Research question: What does empirical evidence reveal about the comparative effectiveness and clinical outcomes of different surgical wound closure methods across various surgical specialties?

2. Methods
2.1 Eligibility Criteria

	Studies were included if they met the following predefined criteria. Eligible publications were empirical studies published between 2000 and 2024 that evaluated at least one surgical wound closure method and reported clinical outcomes in human participants. Accepted study designs included randomized controlled trials, prospective and retrospective cohort studies, and comparative clinical investigations. Outcomes of interest included postoperative wound healing quality, surgical site infection rates, recurrence, and other clinically relevant complications. Only full-text articles published in English were considered to allow comprehensive appraisal of study methods and findings. Studies were excluded if they were non-empirical in nature, such as narrative reviews, commentaries, editorials, or book chapters. Laboratory-based or animal studies were excluded due to limited clinical applicability. Articles that did not report postoperative clinical outcomes or lacked accessible full text were also excluded.

Table 1: Data base reviewed
	Database / Source
	Description / Notes
	Number of Records (n)

	Scopus
	Indexed peer-reviewed literature
	18

	ScienceDirect
	Full-text scientific articles
	13

	Web of Science
	Multidisciplinary citation index
	16

	Google Scholar (manual filtering)
	Broad search with manual refinement
	14

	Supplementary reference searching
	Screening of reference lists for additional studies
	—

	Total Records Identified
	Combined from all databases
	61



2.2 Search Strategy
	A comprehensive literature search was conducted in Scopus, ScienceDirect, Web of Science, and Google Scholar to identify studies meeting the eligibility criteria outlined in Section 2.1. Search terms related to wound closure techniques, including “wound closure,” “suture,” “staples,” “mesh repair,” “barbed suture,” and “flap closure,” were combined using Boolean operators. These terms were paired with outcome-related keywords such as “surgical site infection,” “wound healing,” and “postoperative outcomes.”The selection process followed a two-stage screening procedure. In Stage 1, titles and abstracts were screened to identify potentially relevant studies. In Stage 2, full texts of shortlisted articles were assessed for eligibility and methodological suitability. Screening was performed independently by multiple reviewers, and disagreements were resolved through discussion and consensus.

2.3 Data Collection Process
	A structured data extraction form was used to systematically capture essential information from each study, including the study design and methodology, sample characteristics, the type of wound closure method employed, the specific surgical procedure involved, the clinical outcomes reported, and the key findings. All extracted information was cross-checked, and any discrepancies were resolved through discussion to ensure accuracy and consistency in the data synthesis process.

2.4 Data Items
	To ensure a systematic and consistent extraction of information, this review focused on several key data items as summarised in Table 2 that captured both the methodological characteristics of the included studies and the clinical significance of the wound closure methods examined. These data items were designed to provide a comprehensive understanding of how each closure technique performed across diverse surgical contexts.The primary outcomes included measures directly related to postoperative recovery, such as wound healing quality, surgical site infection (SSI) rates, recurrence rates in hernia-related wounds, and the presence of postoperative complications (e.g., dehiscence, seroma, discharge). These outcomes are critical indicators of the clinical effectiveness and safety of closure methods. Information was also collected on the closure method characteristics, which detailed the type of material used, whether monofilament or multifilament, synthetic or natural, absorbable, or non-absorbable, and whether the suture or device incorporated antimicrobial coatings. Such attributes strongly influence tissue response, microbial colonization, strength retention, and ultimately clinical performance.
	The procedural context was recorded to situate each closure method within its specific surgical field. Variables such as surgical specialty, type of operation, incision characteristics, and wound classification were extracted to facilitate interpretation of technique effectiveness across settings. Additionally, efficiency metrics were documented, particularly closure time and ease of use. These indicators are important in high-volume surgical environments where time efficiency and workflow considerations may influence technique selection.Finally, biomechanical performance items captured laboratory or clinically measured features such as tensile strength, knot security, resistance to crushing loads, microbial adherence, and tissue reaction. These metrics deepen understanding of how closure materials behave under physiological stress and contribute to postoperative outcomes.

Table 2: Summary of Data Items Extracted from Included Studies
	Data Item Category
	Description
	Relevance to Review

	Primary Clinical Outcomes
	Postoperative wound healing quality; SSI rates; recurrence rates (e.g., hernia); postoperative complications such as seroma, discharge, pain, dehiscence.
	Determines the overall clinical effectiveness and safety of each wound closure method in real surgical scenarios.

	Closure Method Characteristics
	Type of closure material (monofilament vs. multifilament; synthetic vs. natural); absorbability (absorbable or non-absorbable); antimicrobial coatings (e.g., triclosan).
	Enables comparison of how material properties influence healing, microbial colonization, inflammation, and long-term outcomes.

	Procedural Context
	Type of surgery (e.g., colorectal, spinal, hepatobiliary, oral); wound class (clean, clean-contaminated); incision characteristics and operative field.
	Allows interpretation of closure method performance within appropriate surgical settings since effectiveness varies by specialty and wound type.

	Efficiency Metrics
	Time required for wound closure; ease of use; impact on operative duration; surgeon handling experience.
	Highlights practical considerations relevant to surgical workflow, especially in time-sensitive or high-volume procedures.

	Biomechanical Performance
	Tensile strength, knot integrity, crush resistance, elasticity, microbial adherence on suture surface, tissue reaction.
	Provides insight into the mechanical durability and biological behaviour of closure materials, supporting interpretation of clinical outcomes.



Following data extraction, the methodological quality and potential sources of bias of the included studies were systematically evaluated.

3.1 Risk of Bias Assessment 
	The risk of bias of the included studies was assessed using the Cochrane Risk of Bias framework, considering selection, performance, detection, attrition, and reporting biases. While several studies employed randomized designs, blinding of surgeons and participants was frequently not feasible due to the nature of surgical interventions, introducing potential performance bias. Operator-dependent factors, including surgeon experience and variability in operative technique, were identified as important sources of bias across both randomized and non-randomized studies. Differences in outcome assessment methods and follow-up practices contributed to detection bias in some studies. These limitations were considered when interpreting the overall certainty of evidence.

Table 3:  Risk of Bias Assessment Across Included Studies
Legend
Low Risk = ✓
Some Concerns / Moderate = ~
High Risk = ✗
	
	Study
	Study Design
	Selection Bias (randomization / sampling)
	Performance Bias (blinding, intervention delivery)
	Detection Bias (outcome assessment)
	Attrition Bias (loss to follow-up)
	Reporting Bias (selective reporting)
	Overall Risk of Bias

	1.
	Aguirre-Allende et al. (2022)
	RCT
	✓ Randomization adequate
	~ Open-label (no blinding)
	~ SSI assessment objective
	✓ Minimal attrition
	✓ Outcomes fully reported
	Low–Moderate

	2
	Osifo & Osagie (2009)
	Retrospective
	✗ Non-randomized convenience samples
	~ Standard procedures
	~ Outcomes clear but non-blinded
	✓ Adequate follow-up
	~ Limited reporting detail
	Moderate–High

	3
	Krishna et al. (2023)
	Prospective comparative
	~ Non-randomized but balanced groups
	~ No blinding
	✓ Microbiological outcomes objective
	✓ No major attrition
	✓ Full reporting
	Moderate

	4
	Mun et al. (2023)
	Retrospective cohort
	✗ Non-random allocation
	~ Clinical practice variation possible
	~ Objective outcomes
	✓ Adequate follow-up
	~ Some unreported outcomes
	Moderate–High

	5
	Shah et al. (2024)
	Prospective cohort
	~ Non-randomized
	~ No blinding
	~ Outcome measurement consistent
	✓ Good retention
	✓ Clear reporting
	Moderate

	6
	Burger et al. (2004)
	RCT
	✓ Randomized
	~ Blinding not feasible for surgery
	~ Outcomes partly objective
	~ Some long-term discontinuation
	✓ Major outcomes reported
	Low–Moderate

	7
	Mattavelli et al. (2015)
	Multi-centre RCT
	✓ Strong randomization
	✓ Standardized protocols
	~ SSI partly subjective
	~ Some attrition across centres
	✓ Full reporting
	Low–Moderate

	8
	Armañanzas et al. (2014)
	RCT
	✓ Randomized
	~ Blinding not feasible
	✓ Hernia recurrence objective
	✓ Low attrition
	✓ Registered and fully reported
	Low

	9
	Delgado-López et al. (2024)
	Retrospective cohort
	✗ Non-randomized
	~ Variability in technique use
	~ Objective outcomes
	✓ Large sample; low attrition
	✓ Clear reporting
	Moderate–High

	10
	Greenbaum et al. (2021)
	RCT
	✓ Randomized
	~ No blinding of surgeons
	✓ Objective complications
	✓ Minimal dropouts
	✓ Full reporting
	Low–Moderate

	11
	Erkent et al. (2018)
	Retrospective
	✗ Non-randomized
	~ Variation across surgeons
	~ Clear outcomes but non-blinded
	~ Follow-up varies
	~ Potential selective reporting
	Moderate–High

	12
	Polykandriotis et al. (2022)
	In-vitro biomechanical
	— Laboratory (no human subjects)
	—
	✓ Fully objective measurements
	—
	✓ No reporting concerns
	Low (laboratory evidence only)

	13
	Dragovic et al. (2020)
	Randomized clinical study
	✓ Randomization adequate
	~ Surgical blinding impossible
	✓ Objective healing criteria
	✓ Good follow-up
	✓ Clear reporting
	Low–Moderate



3.2 Certainty Assessment 

	To determine the robustness and trustworthiness of the findings derived from the thirteen included studies, this review applied the GRADE (Grading of Recommendations, Assessment, Development and Evaluation) approach. GRADE provides a systematic and transparent framework for appraising the certainty of evidence by examining several core domains that influence the credibility of study outcomes. Each study was evaluated for potential risk of bias, particularly in relation to methodological rigor, sample selection, measurement procedures, and reporting practices. The review also considered inconsistency, assessing whether the results across studies demonstrated comparable trends or whether substantial variations indicated contextual or methodological differences. Indirectness was evaluated by determining how closely each study aligned with the review’s focus on wound closure techniques, including the suitability of the population, intervention type, comparators, and reported outcomes. Imprecision was assessed through the adequacy of sample sizes and the precision of reported estimates, especially where confidence intervals or outcome rates suggested uncertainty. Finally, the potential for publication bias was acknowledged, particularly in specialized surgical literature where positive or statistically significant findings may be more likely to be published.

	Using these criteria, the GRADE approach enabled a structured appraisal of evidence certainty, categorizing outcomes as high, moderate, low, or very low depending on the strength of the supporting data. This process was especially relevant given the methodological diversity of the thirteen studies, which ranged from randomized controlled trials and cohort studies to retrospective analyses and clinical comparisons across multiple surgical fields. Alongside the GRADE assessment, the methodological characteristics of the included studies, such as design type, sample size, surgical setting, closure methods used, and outcome measures, were systematically reviewed and summarized in the accompanying table to provide clarity on the scope and relevance of the evidence base. This combined evaluation ensured that the review’s interpretation of findings was grounded not only in the reported results but also in a transparent appraisal of their methodological quality, thematic coherence, and overall contribution to understanding best practices in wound closure.










4 Finding and Discussion
4 .1 Study Selection
The initial search identified 61 records. After removing 21 duplicates, 40 unique records were screened. Title and abstract screening excluded 23 articles, and 13 texts were assessed. 
Identification of studies via databases and registers


 Records removed before screening
Duplicate records removed: n = 21
Records removed by automation tools: n = 0
Records removed for other reasons: n = 0
Records after duplicates removed: n = 40

 Identification of studies via databases
Scopus: n = 18
ScienceDirect: n = 13
Web of Science: n = 16
Google Scholar (filtered): n = 14
Total records identified: n = 61



Identification





Text  excluded n = 26
• Out-of-scope: n = 6
• Insufficient empirical data: n = 4
• Methodology not relevant: n = 4
• Context not relevant: n = 6
• No full-text access: n = 6

— Screening
Records screened: n = 40


Out of scope: n = 19
Insufficient empirical data: n = 11
Methodology not relevant: n = 7
Context not relevant (wrong country/level/field): n = 8
No full-text access: n = 5
Full-text remaining: n = 13





	
Records sought for retrieval
n = 14
Screening





Articles not retrieved -n -1

Reports assessed for eligibility
(n=14)




	Included
Full text included in review
(n =) 13




Figure 1: PRISMA FLOW DIAGRAM
	The PRISMA flow diagram (Figure 1) illustrates the systematic process used to identify, screen, and include studies in the final review. An initial search across Scopus, ScienceDirect, Web of Science, and filtered Google Scholar produced 61 records. After removing 21 duplicates, 40 records proceeded to screening. During the screening stage, 26 articles were excluded for reasons such as being out-of-scope, lacking sufficient empirical data, using irrelevant methodologies, having unsuitable contextual settings, or lacking full-text access. Seventeen records were sought for retrieval, and 14 full texts were successfully assessed for eligibility, with one article unobtainable. Ultimately, 13 studies met all inclusion criteria and were incorporated into the final review.

4.2 Study Characteristics

	The studies included in this review encompassed a diverse range of surgical fields, reflecting the broad applicability and clinical importance of wound closure techniques. Several investigations were conducted within hepatobiliary and pancreatic surgery, where researchers compared sutures and staples to determine their effectiveness in reducing superficial incisional infections and overall wound complications in high-tension abdominal incisions. Other studies focused on colorectal surgery, examining antimicrobial-coated sutures and traditional materials to evaluate whether coating technologies offered measurable advantages in reducing surgical site infections. Spinal surgery contributed a substantial portion of the evidence base, particularly through cohort studies assessing barbed sutures and their impact on closure efficiency, postoperative complications, and wound healing integrity.

	In addition, multiple studies addressed hernia repair, comparing suture-only closure methods with mesh reinforcement and demonstrating important differences in recurrence rates and long-term patient outcomes. The review also included research in oral and dental surgery, where distinct suture materials were evaluated for their influence on tissue healing, microbial colonization, and inflammatory responses in mucosal environments. Orthopedic surgery studies introduced comparisons between various closure devices, including zipper systems, mesh-based tools, and traditional sutures, particularly in joint arthroplasty procedures. Pediatric general surgery was represented through analyses of subcuticular sutures in clean incisions, providing insight into the unique challenges of wound closure in younger patient populations. Finally, pilonidal sinus surgery studies evaluated flap techniques and primary midline closure, offering valuable evidence on recurrence rates, healing quality, and overall procedural effectiveness.Together, these studies illustrate the wide-ranging surgical contexts in which wound closure decision-making plays a critical role. A detailed summary of sample sizes, methodologies, closure techniques, and key clinical outcomes for all thirteen included studies is presented in Table 4.

Table 4. Studies reviewed
	
	Reference (APA)
	Methodology
	Participants
	Results

	1. 
	Aguirre-Allende, I. et al. (2022). Subcuticular suture and incisional surgical-site infection in elective hepatobiliary and pancreatic surgery: an open-label, pragmatic randomized clinical trial (CLOSKIN trial).
	Single-centre, open-label, parallel, pragmatic randomized clinical trial comparing subcuticular suture vs staples in elective hepatobiliary and pancreatic surgery.

	379 patients eligible; 346 randomized; 167 staples group, 168 subcuticular suture group.
	No significant difference in superficial incisional SSI rate (9.82% staples vs 4.62% suture, p=0.062); no significant difference in overall wound complications.

	2
	Osifo, O. D., & Osagie, T. O. (2009). Outcomes of skin closure with suture materials in clean paediatric surgical procedures.
	Five-year retrospective study of continuous subcuticular sutures in clean skin incisions in children.

	796 children; 998 clean skin incisions.
	Higher complications when sutures not removed; recommend removal by 10th postoperative day.

	3
	Krishna, S. et al. (2023). Microbiological evaluation of four different suture materials used for surgical removal of impacted lower third molars.
	Prospective comparative study of bacterial colonization on four suture types after molar extraction.

	40 patients.
	Prolene had lowest bacterial colonization; silk had highest; prolene and vicryl plus superior microbiological properties.

	4
	Mun, J. et al. (2023). Surgical and clinical outcomes with barbed sutures and self-adhering mesh in spinal surgery.
	Retrospective matched cohort study comparing barbed vs conventional suture in spinal surgery.

	240 patients (120 each group).
	Barbed sutures reduced closure time; no difference in complications.

	5
	Shah, S. K. H. et al. (2024). Comparison of surgical wound closure by staples and sutures.
	Prospective cohort study comparing staples vs sutures in clean elective abdominal surgeries.

	236 patients (110 staples, 126 sutures).
	Staples had shorter closure time; higher wound discharge and pain; no difference in infection or cosmetic appearance.

	6
	JwA, B. (2004). Long-term follow-up of a randomized controlled trial of suture versus mesh repair of incisional hernia. Ann Surg, 240, 578-585.


	Multicenter randomized trial of suture vs mesh repair for incisional hernia.
	181 patients.
	Mesh had lower recurrence (32% vs 63%) and less pain; no increase in complications.

	7
	Mattavelli, I., Rebora, P., Doglietto, G., Dionigi, P., Dominioni, L., Luperto, M., ... & Gianotti, L. (2015). Multi-center randomized controlled trial on the effect of triclosan-coated sutures on surgical site infection after colorectal surgery. Surgical infections, 16(3), 226-235.


	Multi-center RCT comparing triclosan-coated vs non-coated sutures in colorectal surgery.
	281 patients.
	No significant difference in SSI or incision complications.

	8
8
	Armañanzas L, Ruiz-Tovar J, Arroyo A, García-Peche P, Armañanzas E, Diez M, Galindo I, Calpena R. Prophylactic mesh vs suture in the closure of the umbilical trocar site after laparoscopic cholecystectomy in high-risk patients for incisional hernia. A randomized clinical trial. J Am Coll Surg. 2014 May;218(5):960-8. doi: 10.1016/j.jamcollsurg.2014.01.049. Epub 2014 Feb 18. PMID: 24680572.


	Randomized clinical trial of nonabsorbable sutures vs polypropylene mesh for trocar site closure.
	92 high-risk patients.
	Mesh group had lower hernia (4.4% vs 31.9%) and wound infection.
No differences were observed in complication rate, operative time, or hospital stay between the groups.

	9
	Delgado-López PD, Martín-Alonso J, Herrero-Gutiérrez AI, Martín-Velasco V, Castilla-Díez JM, Montalvo-Afonso A, Diana-Martín R, Pérez-Cabo EM. Barbed versus conventional suture in elective posterior spine surgery. Eur Spine J. 2024 Jun;33(6):2261-2268. doi: 10.1007/s00586-024-08224-7. Epub 2024 Apr 22. PMID: 38649486.


	Cohort study comparing barbed vs conventional sutures in spine surgery.
	483 patients (183 barbed, 300 conventional).
	In elective posterior spinal procedures, the use of barbed sutures significantly reduced the duration of wound closure. The wound healing process was not hindered and the added cost related to the suture material was small.

	10
	Greenbaum S, Zak S, Tesoriero PJ, Rudy H, Vigdorchik J, Long WJ, Schwarzkopf R. A Single-Center Randomized Prospective Study Investigating the Efficacy of Various Wound Closure Devices in Reducing Postoperative Wound Complications. Arthroplast Today. 2021 May 31;9:83-88. doi: 10.1016/j.artd.2021.04.016. PMID: 34136609; PMCID: PMC8180960.


	Single-center RCT comparing zipper, suture, and mesh devices in joint arthroplasty.
	160 patients.
(52 zipper, 55 suture, 53 mesh)
	Suture group trended toward shorter closure time; no significant difference in complications.

	11
	Erkent M, Şahiner İT, Bala M, Kendirci M, Yıldırım MB, Topçu R, Bostanoğlu S, Dolapcı M. Comparison of Primary Midline Closure, Limberg Flap, and Karydakis Flap Techniques in Pilonidal Sinus Surgery. Med Sci Monit. 2018 Dec 11;24:8959-8963. doi: 10.12659/MSM.913248. PMID: 30531689; PMCID: PMC6299795.
.
	primary midline closure (PMC), Limberg flap repair (LFR), and Karydakis flap (KF).
	924 PS patients from 2013 to 2017 were retrospectively examined
	Considering their low recurrence rates, LFR or KF should be considered first. When low recurrence rates, patient comfort, and cosmetic results are evaluated together, KF emerges as a method preferred by physicians and patients.

	12
	Polykandriotis, Elias & Daenicke, Jonas & Bolat, Anil & Gruener, Jasmin & Schubert, Dirk & Horch, Raymund. (2022). Individualized Wound Closure—Mechanical Properties of Suture Materials. Journal of Personalized Medicine. 12. 1041. 10.3390/jpm12071041.
	Biomechanical study of nine suture products under crushing load.
	Laboratory (in vitro).
	The suture materials displayed different initial tensile strengths (in descending order: polyglecaprone, polyglactin, polydioxanone, polyamid, polypropylene). In comparison, materials performed variably in terms of resistance to crush loading 


	13
	Dragovic M, Pejovic M, Stepic J, Colic S, Dozic B, Dragovic S, Lazarevic M, Nikolic N, Milasin J, Milicic B. Comparison of four different suture materials in respect to oral wound healing, microbial colonization, tissue reaction and clinical features-randomized clinical study. Clin Oral Investig. 2020 Apr;24(4):1527-1541. doi: 10.1007/s00784-019-03034-4. Epub 2019 Jul 24. PMID: 31342245.


	Randomized clinical study of four suture materials in oral surgery.
	32 patients (impacted molars).
	Significantly better soft tissue healing was found around monofilament and synthetic sutures compared to multifilament and natural ones respectively. Soft tissue healing was significantly better around all sutures on the 7th day than on the 3rd day postoperatively.



4.3 Synthesis of Findings

Study Characteristics
The comparative analysis of the 13 selected studies highlights several consistent patterns regarding surgical wound closure methods. The reviewed studies first examined commonly used skin closure techniques, particularly sutures and staples, across several surgical specialties.

Sutures versus Staples
The visual comparison in Figure 2 provided above highlights the two primary methods employed for surgical wound closure: sutures (depicted on the left) and staples (depicted on the right). In the specific context of hepatobiliary, pancreatic, and abdominal surgeries, evidence suggests distinct trade-offs between these techniques. While staples consistently offer faster skin closure, they are frequently associated with greater wound discharge and increased postoperative pain compared to suturing. Research by Aguirre-Allende et al. (2022) reported no statistically significant difference in infection rates between staples and subcuticular sutures, although they did note a trend toward fewer surgical site infections (SSIs) when sutures were used. Similarly, Shah et al. (2024) found that while staples shortened the overall closure time, they did not improve infection rates or cosmetic outcomes, indicating that the clinical advantage of staples in these procedures is primarily limited to speed.
[image: ]
Figure 2: Sutures versus Staples

In addition to traditional closure methods, several studies evaluated innovations in suture design aimed at improving operative efficiency.

Barbed versus Conventional Sutures	
As visibly demonstrated in Figure 3 in the provided comparison image, the structural difference between conventional and barbed sutures directly influences surgical technique and efficiency. The conventional method, depicted on the left panel, relies on tying secure individual knots to maintain tissue approximation—a repetitive process that is inherently time-consuming.In contrast, the barbed suture shown in the right panel utilizes small, uni-directional barbs along the filament to anchor itself within the tissue. This design eliminates the need for knot-tying and allows for a continuous, rapid closure that maintains even tension across the wound.This mechanical advantage translates into consistent clinical efficiency benefits. Recent studies by Mun et al. and Delgado-López et al. (2024) independently confirmed that the use of barbed sutures significantly reduced overall closure time in complex spinal procedures. Crucially, these studies noted that this gain in operative speed did not come at the expense of patient safety, as there was no observed increase in postoperative complications or impairment of wound healing. Consequently, these results suggest that barbed sutures are particularly valuable tools in time-sensitive, high-volume surgical settings where maximizing operative efficiency is paramount.

[image: ]
Figure 3: Barbed versus Conventional Sutures
Beyond skin closure, evidence also addressed fascial reinforcement strategies, particularly in hernia-related and high-risk incisions.

Mesh versus Suture Closure
The provided image in Figure 4 clearly illustrates the fundamental difference between the two primary approaches used in fascial defect repair and reinforcement. On the left panel, labeled "SUTURE CLOSURE," the traditional technique is demonstrated on a simulated tissue pad. This method relies on pulling the edges of the defect together under tension using interrupted stitches (a package of Prolene suture is visible beside it). While standard for many incisions, this tension can lead to tissue ischemia or suture pull-through in weakened fascia. In contrast, the right panel, labeled "MESH CLOSURE," shows a tension-free repair technique. Here, a prosthetic mesh scaffold is placed over the defect and secured with tacks. Rather than pulling the tissue edges together forcibly, the mesh bridges the gap, reinforcing the abdominal wall and allowing host tissue to grow into the prosthetic material. Clinical studies comparing these two distinct approaches have consistently favored the mesh reinforcement method shown on the right. Because suture-only closure relies solely on the native tissue's often-compromised strength, it carries a higher risk of failure. JwA (2004) reported that mesh repair of incisional hernias resulted in significantly lower recurrence rates compared to suture repair. Furthermore, by avoiding the high tension associated with pulling tissue edges tightly together with sutures, mesh repair was also associated with reduced postoperative pain. Similarly, supporting these findings across different surgical applications, Armañanzas et al. (2014) found that utilizing mesh closure at trocar sites reduced both hernia incidence and wound infection rates compared with standard suturing. Crucially, this study noted that these significant clinical benefits were achieved without prolonging surgery times or extending hospitalization. This collective evidence confirms that the mesh-reinforced approach visualized in the right panel is generally the more effective method in hernia-related wound management.

[image: ]
Figure 4: Mesh versus Suture Closure


At the material level, multiple studies compared the biological, microbiological, and mechanical performance of different suture types.

Suture Material Innovations
Differences among suture materials were evident across dental and oral surgery contexts. Krishna et al. demonstrated that Prolene showed the least bacterial colonization, while silk performed poorly. Dragovic et al. (2020) reinforced this finding, reporting that polypropylene supported superior healing with minimal inflammation, in contrast to silk, which was associated with poor healing and high microbial adherence. Complementing these clinical findings, Polykandriotis et al. (2022) conducted a biomechanical study, showing that synthetic sutures varied in tensile strength, though all materials weakened under load. Together, these studies emphasize the superiority of synthetic monofilament sutures over multifilament options like silk. More recent investigations have explored antimicrobial modifications to sutures as a strategy to reduce postoperative infection risk.

Antimicrobial Sutures
The introduction of antimicrobial coatings has not consistently improved outcomes. Mattavelli et al. (2015) found no significant reduction in surgical site infection rates with triclosan-coated sutures compared to standard sutures in colorectal surgery, suggesting that coating alone may not overcome infection risks in contaminated fields. Finally, several studies evaluated specialized or procedure-specific closure techniques applied in distinct surgical contexts.

Alternative and Specialized Techniques
Other techniques were evaluated in specific surgical contexts. Greenbaum et al. (2021) compared closure devices in joint arthroplasty, reporting no significant difference in postoperative complications across zipper, mesh, and sutures, though sutures were slightly faster. In pilonidal sinus surgery, Erkent et al. (2018) concluded that the Limberg and Karydakis flap methods were superior to primary midline closure, with the Karydakis flap offering the best combination of low recurrence, patient comfort, and cosmetic outcomes. Finally, Osifo and Osagie (2009) demonstrated that subcuticular sutures in pediatric clean surgeries were generally safe but highlighted the importance of timely removal to minimize complications.


5. Conclusion
	Taken together, these studies underscore that while all closure methods are clinically viable, their effectiveness depends on surgical context and patient characteristics. Barbed sutures and mesh reinforcement demonstrated consistent advantages in specific outcomes such as closure efficiency and recurrence prevention when applied in appropriate surgical contexts. Staples and antimicrobial-coated sutures, by contrast, offered little clinical advantage beyond faster application. Specialized techniques such as flap repairs in pilonidal sinus surgery showed clear superiority in reducing recurrence and improving patient satisfaction. These findings support the tailored use of closure techniques, aligning the choice of method with surgical setting, risk profile, and desired outcomes
	This review is subject to several limitations. Considerable heterogeneity existed across the included studies in terms of surgical specialty, anatomical site of wound closure, and tissue environment. Wound healing mechanisms vary substantially across sites such as skin, oral mucosa, and fascial tissue due to differences in vascularity, mechanical stress, and microbial exposure, introducing a degree of indirectness in evidence synthesis in line with GRADE considerations. In addition, variability in operator skill, surgical technique, and outcome assessment may have influenced reported results, particularly in non-randomized studies. Finally, the heterogeneity of interventions and comparators precluded quantitative meta-analysis and limit the ability to draw universal conclusions regarding the superiority of any single closure method.
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