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	[bookmark: bookmark=id.jb2wswn2rbm2]Seam durability is a critical factor in sports-jersey performance, as these garments undergo repeated laundering and mechanical stress. This study examined the relationship between pre-wash surface durability and post-wash seam integrity in four polyester knit fabrics commonly used in jerseys: eyelet, pin-dot mesh, jacquard, and interlock. Samples were sewn under standardized conditions and subjected to ten ISO 6330 laundering cycles (40 °C, mild detergent, 30 min). Seam appearance was graded as excellent, good, or poor after the 3rd, 7th, and 10th washes. Pre-wash testing showed that eyelet combined low abrasion loss (0.005–0.006 mg) with maximum pilling resistance (5/5), while interlock had the lowest abrasion loss (0.002 mg) but weaker pilling (4/4). Pin-dot mesh and jacquard exhibited intermediate abrasion losses and high pilling resistance (5/5). After laundering, pin-dot mesh and jacquard retained the highest seam quality (final average = 2.73), eyelet showed moderate decline (2.60), and interlock deteriorated most severely (2.08). Statistical analysis confirmed significant differences at cycles 3 and 10 (p < 0.05), with seam performance at wash 7 strongly predicting outcomes at wash 10 (r = 0.674, p < 0.001). Findings suggest that pilling resistance is a stronger predictor of seam stability than abrasion loss. Pin-dot mesh and jacquard demonstrated the best durability, providing useful screening criteria for material selection in sportswear design. 
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INTRODUCTION
Knitted fabrics, by virtue of their looped construction, offer superior elasticity and flexibility compared to woven textiles, making them a dominant material class for sportswear applications. However, their inherent structure also renders them vulnerable to dimensional instability, spirality, and surface deformation during repeated use and laundering (Acar et al., 2025). These issues are of particular concern in high-performance athletic garments, such as sports jerseys, which are subject to rigorous movement, perspiration, and frequent washing. The visual and structural degradation of knitted fabrics over time compromises not only the garment’s aesthetic quality but also its fit, comfort, and performance. Prior studies have established that fabric weight, knit type, stitch density, and yarn properties collectively influence the physical behaviour of knitted materials under stress (Anand et al., 2002; Abdel-Megied & Elghandour 2024).
Among the various types of knit structures used in sports jersey construction are single jersey, rib, interlock, jacquard, and mesh. Each presents distinct mechanical properties that influence seam performance (Admassu et al., 2022). Single jersey, for instance, is lightweight and breathable but exhibits higher rates of spirality and pilling (Chen et al., 2003). Interlock, while denser and more stable, may compromise air permeability and flexibility (Islam et al., 2010). Eyelet and mesh structures offer ventilation and moisture management but can suffer from localized fabric distortion under high abrasion. The selection of knit type not only affects fabric appearance and drape but also dictates how well seams maintain their structural integrity after repetitive laundering. The delicate balance between comfort and durability, particularly in high-mobility zones like the shoulders, underarms, and side seams, underscores the need for an integrated understanding of both fabric and seam behaviour in activewear garments (Anand et al., 2002; Kabir & Zakaria, 2012). 
The overview of various fabric types highlights their distinct characteristics, which play a crucial role in determining their suitability for different applications (Abdel-Megied & Elghandour, 2024). Fabrics can vary widely in weight, thickness, and density, influencing aspects such as comfort, durability, and aesthetic appeal. Eyelet fabric is widely recognized for its distinctive decorative holes, which give it a unique aesthetic appeal and contribute to its popularity in fashion, particularly for lightweight summer garments. The relatively heavier weight and thicker construction of eyelet fabric further contribute to its durability and structural integrity, ensuring that sports jerseys made from this material remain in good condition after prolonged use and multiple washing cycles, ultimately providing long-lasting wear and performance (Abdel-Megied & Elghandour, 2024). Pin-dot mesh is renowned for its lightweight and highly breathable properties, making it an excellent choice for activewear and garments designed for warm weather. The fabric’s unique construction features a network of small, evenly spaced dots that allow air to flow freely, promoting optimal ventilation and comfort for the wearer. This type of jersey is particularly favoured by athletes who require a fabric that performs well in terms of ventilation while maintaining a clean, professional look (Anand et al., 2002). Jacquard jersey is a sophisticated and fashionable fabric produced using a complex weaving technique, making it well suited to sports jerseys. A key advantage of jacquard jersey fabric is its durability, especially regarding colour retention and design clarity (Anand et al., 2002). Unlike many other fabrics that may lose vibrancy after repeated washing, jacquard fabrics are known for their resistance to fading, ensuring that intricate designs remain sharp and visible even after multiple laundering cycles (Chen et al., 2003). Interlock fabric is widely recognised for its soft, smooth texture and inherent stretch, offering excellent comfort, flexibility, and overall wearability (Islam et al., 2010). Therefore, interlock fabric is best suited for sports that do not involve excessive physical abrasion or intense exposure to harsh elements (Asayesh & Mahmoodi, 2024).
Laundering is among the most influential processes that impact the long-term performance of sports jersey fabrics. Standard home washing routines, which typically involve mechanical agitation, detergent exposure, and thermal variation. It can induce fibre fatigue, yarn displacement, and seam loosening (Malik et al., 2013). Lightweight polyester and blended synthetics, commonly used in athleticwear, are susceptible to pilling and surface fuzzing, which contribute to seam misalignment and visual degradation. While some fabrics may recover their shape after multiple washes, many exhibit progressive dimensional change, particularly in the wale and course directions (Anand et al., 2002). As a result, the visual and tactile properties of the garment diminish, with seam grinning, puckering, and slippage becoming increasingly apparent. Studies have shown that dimensional stability is influenced not only by fabric GSM and stitch length but also by residual yarn torque and moisture-retention behaviour (Yesmin et al., 2014).
Seams represent critical points of stress concentration in any garment, particularly in sportswear designed for high-performance use. The role of seams extends beyond mere fabric joining and they serve as structural reinforcements that distribute tension and accommodate repeated motion (Elghandour & Elgory, 2024). However, their performance is highly dependent on several interrelated variables, including the type of stitch such as flatlock, overlock, and lockstitch together with properties of the sewing thread, the seam allowance, and the orientation of the fabric grain (Mukhopadhyay & Midha, 2013). Inappropriately configured seams are more likely to fail through thread breakage, seam slippage, or fabric tearing, especially after exposure to laundering stress. While seam strength is often evaluated via tensile testing, a broader view of seam performance must also include visual criteria such as seam appearance grading, slippage resistance, and deformation under load (Malik et al., 2013).
Despite the significance of these structural vulnerabilities, much of the existing literature has focused primarily on fabric-level changes, such as shrinkage, spirality, and skewness, rather than on how these factors contribute to seam degradation (Esra & Oktay, 2022; Pavko-Čuden, 2015). Moreover, only a limited number of studies have integrated seam condition evaluation into standardized laundering simulations. Seam failure in athleticwear typically does not result from immediate mechanical breakdown, but rather from cumulative deterioration, where repeated laundering gradually undermines the cohesion between stitches and the surrounding knit loops (Abdel-Megied & Elghandour, 2024; Shawky, 2013). High-frequency laundering cycles, as mandated by athletic hygiene protocols, accelerate this deterioration, making seam design and material selection an area of growing concern for apparel engineers and textile researchers alike.
Notably, early-stage fabric testing methods such as the Martindale abrasion test and visual pilling assessments have the potential to serve as proxies for predicting seam durability. Fabrics that exhibit high resistance to surface wear and low pilling propensity tend to preserve their seam structure more effectively across laundering cycles (Ramzan et al., 2019). Yet, empirical thresholds that define acceptable performance levels such as maximum abrasion mass loss or minimum pilling grade are rarely standardized in the context of seam integrity. Establishing such benchmarks could enable manufacturers to screen materials more efficiently during the prototyping phase, reducing reliance on costly and time-consuming full-garment testing. Furthermore, integrating seam performance evaluation into the early stages of product development would help improve the durability and functionality of sports jerseys in real-world settings.
By addressing these gaps, the present study investigates the effect of multiple home laundering cycles on the seam condition of sports jersey fabrics with differing knit structures. It evaluates how pre-wash properties through abrasion loss and pilling resistance can be related to seam appearance grades after laundering. By focusing on the degradation patterns of seams under realistic use conditions, this research aims to establish predictive criteria that designers and manufacturers can apply during the material selection phase, ultimately enhancing the functional life and quality of high-performance sportswear.

MATERIALS AND METHODS 
Four different knitted fabric constructions commonly used in sports jerseys were selected for this study, which are eyelet, pin-dot mesh, jacquard, and interlock. Each fabric was manufactured using 100% polyester yarns under controlled conditions to ensure consistency across batches. The fabrics were characterized by variations in areal density (g/m²), thickness (mm), and loop density. Detailed specifications for each fabric type are listed in Table 1.  
All fabric samples were pre-conditioned at 20 ± 2°C and 65 ± 2% RH for 24 hours prior to testing, following ASTM D1776 guidelines. Rectangular test specimens (30 × 15 cm) were cut and sewn using a standard lockstitch machine (301 type) with a 10 mm seam allowance and 3.5 stitches/cm. Polyester core-spun thread (Tex 40) and medium ballpoint needles (size 80/12) were used uniformly across all samples, and 24 specimens per fabric type were prepared (96 total). Pre-wash surface durability was evaluated through Martindale abrasion testing (ASTM D4966) with 10,000 rubs under a 9 kPa load, measuring fabric mass loss (mg) as the output. Pilling resistance was assessed using the ICI pilling box method (ISO 12945-1), with four replicates per fabric graded on a five-point visual scale (5 = no pilling, 1 = severe pilling) by two trained observers under standardized lighting.
Table 1. Fabric specifications.
	Fabric Structure
	Fibre Type
	Weight (g/m2)
	Thickness (mm)
	Wales per inch
	Course per inch
	Fabric Optical Microscopy Image
	Authors
(year)

	Eyelet
	100% Polyester
	162.4
	0.6805
	36
	26
	[image: ]
	Author’s own creation

	Pin-dot mesh
	100% Polyester
	160.9
	0.5932
	42
	41
	[image: ]
	Author’s own creation

	Jacquard
	100% Polyester
	162.4
	0.4880
	43
	50
	[image: ]
	Author’s own creation

	Interlock
	100% Polyester
	170
	0.4809
	45
	54
	[image: ]
	Author’s own creation

	
	
	
	
	
	
	
	



Laundering was conducted according to ISO 6330 using a front-loading horizontal-axis machine set to 40°C for 30 minutes, with home standard detergent, followed by line drying in ambient room conditions. Each specimen underwent ten total laundering cycles, with seam condition assessed after cycles 3, 7, and 10. Seam appearance was visually classified into “Excellent” (intact, minimal distortion), “Good” (minor puckering or wear), or “Poor” (slippage, thread damage, or surface degradation), based on modified AATCC 88B and ISO 7768 standards. Two evaluators conducted independent assessments at each cycle stage, and final grades were determined by majority consensus.
RESULTS AND DISCUSSION 
Pre-wash fabric properties 
The results of abrasion resistance and pilling evaluations for the four knit structures are presented in Table 2. The eyelet fabric demonstrated the greatest surface stability, with weight losses of only 0.006 mg (small sample) and 0.005 mg (large sample), accompanied by a maximum pilling grade of 5/5. This indicates strong resistance to both fibre loss and surface fuzzing, consistent with the tighter loop configuration of eyelet knits. The interlock fabric, in contrast, recorded lower abrasion mass loss (0.002 mg for both small and large samples) but received a lower pilling grade of 4/4, suggesting that despite its structural density, interlock may be more prone to visible surface deterioration than weight loss alone indicates. The pin-dot mesh exhibited moderate abrasion loss (0.003 mg in both small and large samples) while maintaining a pilling grade of 5/5, reflecting its relatively stable loop structure and effective surface resilience. Similarly, the jacquard fabric showed weight losses of 0.003–0.004 mg, paired with a consistently high pilling grade of 5/5, indicating good durability but with slightly greater susceptibility to fibre removal compared to eyelet and pin-dot mesh.  
Table 2. Pre-wash surface durability metrics.
	Fabric Structure
	Number of abrasion cycles
	Sample weight before (mg)
	Sample weight after (mg)
	Weight loss (mg)
	Pilling grade (1st/2nd evaluator)

	Eyelet
	10000 rubs
(Top)

	0.199
	0.193
	0.006
	5/5

	
	10000 rubs
(Bottom)
	2.379
	2.374
	0.005
	5/5

	
	
	
	
	
	

	Interlock
	10000 rubs
(Top)

	0.175
	0.173
	0.002
	4/4

	
	10000 rubs
(Bottom)
	2.189
	2.187
	0.002
	4/4

	
	
	
	
	
	

	Pin-dot mesh
	10000 rubs
(Top)

	0.174
	0.171
	0.003
	5/5

	
	10000 rubs
(Bottom)
	2.066
	2.063
	0.003
	5/5

	
	
	
	
	
	

	Jacquard
	10000 rubs
(Top)

	0.170
	0.167
	0.003
	5/5

	
	10000 rubs
(Bottom)
	2.089
	2.085
	0.004
	5/5

	
	
	
	
	
	



Overall, these findings highlight that abrasion and pilling are not always aligned. The results highlight an inverse relationship between abrasion mass loss and pilling resistance, which is that the fabrics that sustained less fibre loss such as interlock were not necessarily superior in pilling performance, whereas fabrics that combined low abrasion loss with high pilling grades like eyelet emerged as the most durable. These findings support earlier studies by Malik [6] and Shawky [10], which emphasized the role of surface texture and loop stability in determining long-term laundering durability. 

Seam condition after laundering
The evolution of seam appearance ratings across laundering cycles is summarized in Table 3. At cycle 3, all fabrics except Interlock retained the top rating of 3.00, while Interlock started slightly lower at 2.87. By cycle 7, Pin-dot mesh (2.85) and Jacquard (2.82) held most of their appearance, whereas Eyelet dipped to 2.73 and Interlock remained intermediate at 2.78. At cycle 10, Pin-dot mesh and Jacquard remained highest at 2.73, Eyelet declined further to 2.60, and Interlock showed the sharpest deterioration, dropping to 2.08.
Table 3. Average appearance ratings across laundering cycles.
	Fabric Structure
	Cycle 3
	Cycle 7
	Cycle 10
	Total Drop

	Eyelet
	3.00
	2.73
	2.60
	–0.40

	Pin-dot mesh
	3.00
	2.85
	2.73
	–0.27

	Jacquard
	3.00
	2.82
	2.73
	–0.27

	Interlock
	2.87
	2.78
	2.08
	–0.79



As illustrated in Fig. 1, the degradation trends differed in both slope and linearity. Pin-dot mesh and Jacquard exhibited the most linear wear (R² ≈ 0.99) with gentle declines (~0.037 per wash), indicating predictable and gradual loss. Eyelet also showed a largely linear trend (R² ≈ 0.99) but with a steeper slope (~0.056 per wash), reflecting moderate retention. In contrast, Interlock displayed the least linear pattern (R² ≈ 0.77), performing reasonably well early on before undergoing a sharp decline after wash 7, highlighting its vulnerability to late-cycle seam breakdown.
[image: ]
Fig. 1. Fabric appearance ratings across laundering cycles (3, 7, 10 washes).
The degradation patterns differed both in slope and linearity. Pin-dot mesh and Jacquard showed the most linear and predictable decline (R² ≈ 0.99) with gentle slopes of ~0.037 per wash, confirming their stable wear resistance. Eyelet also followed a largely linear trend (R² ≈ 0.99) but declined more steeply (~0.056 per wash), indicating moderate retention. In contrast, Interlock displayed the least linear behaviour (R² ≈ 0.77), with only gradual early-cycle wear but a sharp drop after the 7th wash, highlighting its vulnerability to sudden seam breakdown.
Statistical analysis of seam quality
The nonparametric Kruskal–Wallis test confirmed that fabric structure had a significant effect on seam quality at specific laundering stages as shown in Table 4. After 3 washes, differences across structures were significant (H = 9.20, p = 0.027), with Interlock already lagging the others (mean rank = 42.0 vs. 48.0). By 7 washes, no significant difference was detected (H = 1.37, p = 0.713), suggesting a temporary convergence in performance. However, at 10 washes, differences re-emerged strongly (H = 11.12, p = 0.011), with Interlock exhibiting the lowest mean rank (33.8) while Pin-dot mesh and Jacquard tied for the best retention (52.9 each).
Table 4. Kruskal-Wallis test.
	Test Statistics

	
	Appearance after 3 washes
	Appearance after 7 washes
	Appearance after 10 washes

	Kruskal-Wallis H
	9.202
	1.366
	11.121

	df
	3
	3
	3

	Asymo. Sig.
	0.027
	0.713
	0.011

	a. Kruskal-Wallis Test

	b. Grouping Variable: fabric structure



Correlation analysis in Table 5 provided further insight. Fabric structure was negatively correlated with seam appearance at cycle 3 (r = –0.246, p = 0.018) and cycle 10 (r = –0.256, p = 0.014), confirming that certain knit types consistently degraded less. No relationship was found at cycle 7 (r ≈ 0, p = 0.817), mirroring the flattening seen in mean ranks. Meanwhile, seam ratings across time points showed strong internal consistency: correlations between cycles 3 and 7 (r = 0.372, p < 0.001), 3 and 10 (r = 0.415, p < 0.001), and especially 7 and 10 (r = 0.674, p < 0.001) indicate that performance at wash 7 strongly predicts outcomes at wash 10.
Table 5. Pearson correlation towards fabric structure and laundry cycles.
	Correlations

	
	
	Fabric structure
	Appearance after 3 washes
	Appearance after 7 washes
	Appearance after 10 washes

	Fabric structure
	Pearson Correlation
	1
	-.246*
	0.025
	-.256*

	
	Sig. (2-tailed)
	
	0.018
	0.817
	0.014

	
	N
	92
	92
	92
	92

	Appearance after 3 washes
	Pearson Correlation
	-.246*
	1
	.372**
	.415**

	
	Sig. (2-tailed)
	0.018
	
	<.001
	<.001

	
	N
	92
	92
	92
	92

	Appearance after 7 washes
	Pearson Correlation
	0.025
	.372**
	1
	.674**

	
	Sig. (2-tailed)
	0.817
	<.001
	
	<.001

	
	N
	92
	92
	92
	92

	Appearance after 10 washes
	Pearson Correlation
	-.256*
	.415**
	.674**
	1

	
	Sig. (2-tailed)
	0.014
	<.001
	<.001
	

	
	N
	92
	92
	92
	92

	*. Correlation is significant at the 0.05 level (2-tailed).

	**. Correlation is significant at the 0.01 level (2-tailed).

	



Integrated interpretation
Linking the pre-wash and post-wash results reveals that baseline abrasion and pilling characteristics strongly influence seam durability under laundering. Fabrics like Eyelet, which combined low abrasion with high pilling resistance, showed relatively strong seam retention, though not as stable as Pin-dot mesh or Jacquard, which benefited from loop structures that resisted cumulative fatigue. Interlock, despite low initial abrasion loss, deteriorated sharply in later washes, confirming that pilling resistance is a better predictor of seam stability than abrasion loss alone.
Overall, Pin-dot mesh and Jacquard demonstrated the most reliable long-term performance, maintaining linear and predictable declines with minimal total loss. Eyelet provided moderate retention, while Interlock emerged as the least durable, showing statistically significant late-cycle deterioration. These findings emphasize that both fabric selection and seam performance must be jointly considered in designing sports jerseys intended for repeated laundering.

CONCLUSION
This study evaluated the seam durability of four knitted sports jersey fabrics, which is the Eyelet, Pin-dot mesh, Jacquard, and Interlock under repeated laundering, linking pre-wash surface durability metrics based on abrasion and pilling resistance with post-wash seam performance. Results demonstrated that fabric structure significantly influences seam quality both at baseline and after laundering cycles, with performance differences becoming most pronounced after 10 washes.
Pre-wash characterization revealed that Eyelet fabrics, with minimal abrasion loss and the highest pilling grade, exhibited strong surface stability, while Interlock, despite low abrasion mass loss, showed lower pilling resistance. Post-wash assessments confirmed these trends that Pin-dot mesh and Jacquard maintained the highest seam appearance retention with gradual, linear declines, Eyelet displayed moderate deterioration, and Interlock suffered the steepest late-cycle degradation. Statistical analyses reinforced these outcomes, with the Kruskal–Wallis test indicating significant differences in seam quality at cycles 3 and 10 (p < 0.05), and correlation results showing that seam ratings at 7 washes strongly predicted outcomes at 10 washes (r = 0.674, p < 0.001).
Taken together, the findings suggest that pilling resistance is a more reliable predictor of seam durability than abrasion resistance alone, and that fabric structure plays a critical role in determining long-term seam performance. For practical applications, designers and manufacturers should prioritize fabrics such as Pin-dot mesh and Jacquard when seam integrity and appearance retention are essential over multiple laundering cycles. Eyelet fabrics may serve as a moderate alternative, while Interlock should be avoided or reinforced for high-durability applications. Establishing these relationships provides valuable criteria for early material selection, enabling the sportswear industry to extend garment lifecycles, enhance athlete comfort, and reduce premature seam failure.
Future work should aim to integrate seam tensile strength and fabric shrinkage measurements to complement the visual grading method used in this study. Expanding the testing to include different sewing thread types, seam constructions such as flatlock, overlock, and laundering intensities would further validate the applicability of the proposed predictive model. Ultimately, these insights can inform performance-oriented apparel design, enhance product lifecycle management, and support sustainable manufacturing practices in the activewear sector. 
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