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Abstract:  

Purpose: The aim of this study was to evaluate absorbable and non-absorbable surgical 

sutures exposed to an environment with a chemical composition similar to that of ocular body 

fluids. 

Methods: The evaluation was based on the results of tests of the mass, diameter and 

mechanical properties of samples immersed in physiological saline solution (BSS) at different 

time intervals. 

Results: Based on the conducted research, it was found that multifilament threads made of 

PGCL dissolve the fastest under these conditions, while PDS monofilament threads dissolve 

the longest. In the first case, the last measurements could be taken after 14 days of immersion, 

while in the second case, the monofilament was not completely dissolved even after 80 days. 

Conclusions: Despite numerous publications in this area, available from various sources, it is 

very difficult to compare the obtained results to those of other authors. This is due to the fact 

that studies conducted on threads made of different materials and diameters, as well as in 

different environments, can have a significant impact on the resorption process. This justifies 

the need for this type of research. 
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1 INTRODUCTION 

Surgery is one of the oldest and most important fields of medicine. The development of 

surgery has always been closely related to the improvement of surgical techniques, the 

development of medical devices, and the refinement of materials commonly used in medicine. 

Sutures are essential for surgical procedures, enabling precise tissue suturing and supporting 

wound healing [6,8]. Currently, many types of sutures with varying properties, tailored to 

surgical needs, are available on the market. The choice of suture depends on the type of 

surgery, the properties of the tissues being sutured, and the required support time. The 

decision on which thread should be used in a given procedure is made by the surgeon [10,13]. 

One of the main criteria for classifying sutures from clinical perspective is their 

absorbability. They are divided into absorbable and non-absorbable sutures [9,18,42]. 

Absorbable ones are also called resorbable sutures. The materials used for their production are 

of natural origin, e.g., collagen [42], surgical catgut [10], or synthetic origin, including 
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polydioxanone, polyglactin 910, and poliglecaprone 25 sutures [33]. Absorbable sutures 

degrade, losing approximately 50% of their tensile strength after 60 days. Non-absorbable 

sutures, on the other hand, maintain their tensile strength beyond 60 days [8,9]. Non-

absorbable and synthetic sutures include polypropylene and nylon ones [33,42], and natural 

threads include silk and surgical cotton [8,9]. 

Surgical sutures can also be classified based on the number of fibers. Monofilament and 

multifilament sutures are distinguished. Monofilament sutures are made from a single fiber. 

They are characterized by an uniform and smooth structure and resistance to the settlement 

and penetration of pathogenic microorganisms [6,10,25]. Furthermore, they are characterized 

by lower elasticity and resistance to knot formation. Multifilament sutures consist of more 

than one fiber. The fibers within the structure can be twisted or braided. Multifilament threads 

are characterized by higher elasticity, flexibility, and tensile strength than monofilamnets ones 

[9,25]. The surface of multifilament sutures is rough, which causes greater friction against the 

tissue and greater susceptibility to infection compared to monofilament sutures [9,25]. 

The selection of suture materials is crucial due to their direct contact with the human 

body. Materials must meet a number of criteria, including biocompatibility, physicochemical 

properties, mechanical parameters, and usability [42]. Requirements for surgical sutures 

include high and uniform tensile strength, enabling the use of lower diameters threads. 

Furthermore, the ability to maintain the initial tensile strength in the body is crucial, enabling 

wound support throughout the critical healing period, followed by rapid absorption. High 

elasticity and flexibility, enabling bending and knot tying, sterility, and a lack of biological 

activity, including carcinogenic activity, are also important [11,18,24]. For absorbable 

surgical sutures, manufacturers provide the total absorption time and effective tissue support 

period. For example, according to the manufacturer [12], PGLA threads have a total 

absorption time of 56-70 days, while the effective tissue support time is up to 35 days. For the 

PGA material [19], the thread may degrade within 60-90 days, and the effective tissue support 

time after 3 weeks is 35% of the initial value. 

In recent years, an important area of development in surgical sutures has been the search 

for new materials or the modification of existing ones [3,40], taking into account their area of 

application, biocompatibility, and mechanical properties. Guambo et al. [15] studied cellulose 

coconut (Cocos nucifera) and sisal (Agave sisalana) fibers. Kampeerapappun et al. [20] 

extracted cellulose fibers from cylindrical snakegrass (Dracaena angolensis) and then tested 

them to assess their potential use as a non-absorbable biomaterial for surgical sutures. A 

material based on the silk of the spider Argiope bruennichi was studied by Turan et al. [39]. 
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Drug-coated surgical threads are also being produced and tested to support the wound 

healing process and release anti-inflammatory, or analgesic drugs at the suture site 

[8,16,17,38]. Sriyai et al. [36] developed an absorbable monofilament suture made of poly(l-

lactide-co-ε-caprolactone) coated with an antibacterial coating. Yang et al. [41] prepared a 

surgical thread consisting of a PLA filament core coated with nanofibrous membranes 

composed of polyglycolic acid (PGA), polycaprolactone (PCL) and an antibacterial drug. 

Research is also being conducted on surgical sutures in conditions simulating their 

application environment [7,30]. Ojastha, B.L. and Jeevitha, M., evaluated the tensile strength 

of polyglactin sutures after immersion in herbal mouthwashes [31]. 

The degradation of surgical sutures made of PDS, PGLA, and PGCL was studied in bile, 

pancreatic juice, in sterile form, and contaminated with bacteria. Both sutures containing and 

without an antibacterial triclosan coating were tested. Physiological saline was used as a 

reference. Studies by Merkel et al. [28] demonstrated that sutures made of PDS were 

characterized by higher resistance to degradation, while maintaining their mechanical 

properties for a longer period of time compared to PGLA and PGCL sutures. Furthermore, 

they observed that the antibacterial coating on the sutures delayed the degradation process. 

A study by Akti et al. [2] examined the effect of artificial saliva and chlorhexidine 

mouthwash on the tensile strength of absorbable PGLA sutures and non-absorbable silk 

sutures. The authors' study demonstrated that the use of this mouthwash can significantly 

reduce suture resistance after 14 days. 

The effect of artificial saliva versus saline on the rate of suture degradation in oral and 

pharyngeal surgery was analyzed. The study was conducted on absorbable chromic sutures, 

poliglecaprone 25, and poliglactin 910. Based on the study, Briddell et al. [5], indicated that 

all suture types tested degraded more rapidly in artificial saliva compared to saline. 

Differences in suture degradation were also observed depending on the material. 

In ophthalmic procedures and surgeries, surgical threads are used for various types of 

procedures, primarily for precise tissue suturing during cataract surgery (for closing corneal 

and scleral incisions), corneal transplants (keratoplasty), in anti-glaucoma procedures such as 

trabeculectomy, as well as in eyelid surgery and suturing of lesions (corneal, scleral, 

conjunctival wounds). 

In ocular muscle surgery (e.g., strabismus treatment), threads are used to adjust the 

muscle position to ensure precise eyeball positioning. During vitrectomy, threads may be 

needed to close working ports after trocar removal, especially if the ports are leaky and there 

is a risk of fluid leakage or ocular hypotension. In these procedures, it is essential to select 
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very thin threads (11/0–7/0), which minimize trauma, scarring and gently approximate the 

tissues . Materials used for threads include nylon and polyglactin 910 [27], polypropylene, 

PLLA/PEG, PLGA, PCL, poly(tetrafluoroethylene), and ultra-high molecular weight 

polyethylene [35]. 

Matalia et al. [27] conducted a study to compare monofilament nylon threads and 10-0 

polyglactin 910 threads in terms of effectiveness as well as the frequency and types of suture-

related complications in cataract surgery in children. 

Agarwal P. et al. [1] also conducted research to evaluate and compare complications 

associated with the use of 10-0 nylon sutures and 10-0 polyglactin sutures in pediatric cataract 

surgery. Kashiwabuchi et al. [22] developed and tested an absorbable surgical suture made of 

poly(L-lactide), polyethylene glycol, which released antibiotics for use in ophthalmic 

procedures. 

The aim of this study was to evaluate the properties of materials used to produce surgical 

sutures during conditioning in Balanced Salt Solution (BSS) in the context of their potential 

use in ophthalmic surgery. The durability of the sutures was assessed during exposure to 

environmental conditions similar to those of the ocular fluids. The study focused solely on 

material aspects; therefore, no analysis of medical issues was undertaken. 

 

2. MATERIALS AND METHODS 

2.1. Materials 

The study used surgical sutures made of six different materials and from different 

manufacturers, which also differed in structure (monofilament and multifilament) and 

resorption in the human body (absorbable and non-absorbable). A common feature of all 

surgical sutures was their USP 1 size, meaning the suture diameter should be between 0.400 

mm and 0.499 mm. Table 1 presents the general characteristics of the sutures used in the 

study. Table 2 presents the sutures properties measured before the conditioning process. The 

diameters of some sutures do not precisely fall within this size range, which may be due to the 

measurement methodology used. In ophthalmology, sutures with larger USP sizes and smaller 

diameters are used. However, material testing of these structures requires highly precise 

measuring devices. Therefore, it was decided to use the largest diameter sutures for the 

measurements. This was done to observe phenomena occurring during immersion. 

Table 1. Types of surgical sutures used in the studies 
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Type of material Signtaure Resorption Structure Producer 

polyamide  PA non-absorbable monofilment Jinhuan Medical Products 

polyethylene terephthalate PET non-absorbable multifilament YAVO 

polydioxanone 

(antibacterial)  
PDS absorbable monofilment Ethicon 

polyglycolic acid PGA absorbable multifilament Jinhuan Medical Products 

poliglecaprone 25 

(Monocryl) 
PGCL absorbable monofilment Ethicon 

polyglactin 910 (Vicryl) PGLA absorbable multifilament Ethicon 

 

 

 

 

 

 

 
Table 2. Thread properties before the conditioning process 

 

Material 
Sample mass, 

mg  

Elastic modulus, 

MPa 

Tensile strength, 

MPa 

Elongation  

at break, % 

PA 16,39 1930 192 18,9 

PET 24,67 5480 301 10,8 

PDS 35,85 982 281 31,0 

PGA 24,06 7300 428 14,9 

PGCL 34,52 618 301 23,5 

PGLA 27,27 7660 332 10,2 

 

2.2 Samples preparation 

To simulate operating conditions, surgical sutures were placed in containers with 

Balances Salt Solution (BSS) (Aqueo Premium™, BVI), a saline solution specifically 

developed for ophthalmic applications, including eye surgery. The chemical composition of 

the BSS solution (Table 3) is physiologically matched to the aqueous humor of the eye and 

contains more electrolytes than standard 0.9% NaCl saline. The solution was neutral, with a 

pH of 7–7.5. Samples were conditioned at 37°C ± 1°C. The conditioning temperature was 

close to human body temperature, and the conditioned time was 1, 7, 14, and 30 days, which 

correspond to the tissue retention times declared by the manufacturers, and at 80 days to 

understand the properties of the materials after long-term exposure. Additionally, tests were 

carried out on reference samples that were not conditioned in the BSS solution (conditioning 

time: 0 days). 

 

 

Table 3. Chemical composition of BSS physiological solution in 1000 ml 
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2.2. Samples mass measurements 

The mass of the conditioned samples was measured using a Sartorius CPA225D-0CE 

analytical balance with an accuracy of 0.01 mg. Before measurement, the thread sections were 

dried from the BSS solution using absorbent paper. The tests were performed on 10 samples 

of each type at 23°C ± 2°C. The length of the tested sections was 90 mm. 

2.3. Optical microscopy 

The study of the structure evaluation and diameter measurement of surgical sutures was 

performed on a Keyence VHC-7000 digital optical microscope (Osaka, Japan) equipped with 

a VH-Z100R objective lens at a magnification of ×200. Measurements were performed for 10 

samples at a temperature of 23°C ± 2°C in depth-of-field mode. 

 

2.4. Testing of mechanical properties 

Mechanical properties of conditioned surgical sutures were tested during static tensile 

testing using a Z030 universal tensile testing machine from ZwickRoell Roell (Ulm, 

Germany). The tensile rate was 1 mm/min to determine the elastic modulus, and then 50 

mm/min until the samples broke. The measuring section was 50 mm long. Measurements 

were performed for 10 samples of each type at a temperature of 23°C ± 2°C. The total length 

of the tested samples  was 90 mm. To determine the tension, the thread cross-sectional area 

values calculated from microscopic measurements from each day of measurement were used. 

In most publications in this field, the authors use the maximum breaking force parameter and 

also conduct tests on samples with surgical knots [2,5,42]. In this study, mechanical 

properties were determined during static tensile testing in the form of stress expressed in 

MPa.  

 

3. RESULTS 

3.1. Samples mass 

Chemical component Mass [g] 

sodium chloride 6,40 

potassium chloride 0,75 

calcium chloride dihydrate 0,48 

magnesium chloride hexahydrate  0,30 

sodium acetate trihydrate 3,90 

sodium citrate dihydrate 1,70 
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Figure 1 presents graphs of the weight change of surgical suture samples during 

immersion in BSS (physiological saline solution). In the case of non-absorbable PA sutures, 

the weight during conditioning was stable, despite the fact that this polymer is characterized 

by a relatively high water absorption (approximately 10%). An interesting result was also 

recorded for non-absorbable PET sutures, whose weight increased by less than 10 wt.% over 

80 days of conditioning.  

 

For absorbable sutures, the expected weight loss over time is preceded by the opposite 

phenomenon. By day 14, all sutures exhibited a higher weight than the initial weight. This is 

the result of water absorption and adsorption in the case of multifilament sutures. In the case 

of PGA and PGCL, the weight increase was up to 7 wt.%. After 14 days, a decrease in the 

weight of all absorbable sutures was observed, indicating the initiation of the dissolution 

process. Complete dissolution of PDS and PGA sutures took longer than the time specified in 

the study methodology. After 80 days, the weight loss of these materials was 12 wt.% (PDS) 

and 37 wt.% (PGA), respectively. The dissolution rate of PGLA and PGCL sutures is 

significantly higher. On day 30 of conditioning, the sample weights were 93 wt.% (PGLA) 

and 52 wt.% (PGCL), respectively. After 80 days, the samples were almost completely 

dissolved, and their mass measurement was impossible.  

 
Fig. 1. Change in the mass of surgical threads during conditioning 
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3.2. Optical microscopy 

Absorption and dissolution of surgical sutures during conditioning resulted in changes in 

their diameter in most cases (Fig. 2). The exceptions are PA and PET sutures, whose diameter 

does not change substantially over time because these fibers are non-absorbable and these 

phenomena are less noticeable in these cases. The stable dimensions of the PET sutures also 

confirm that the mass increase described above resulted from liquid adsorption by the 

multifilament, not absorption. In the case of resorbable sutures, dissolution was preceded by 

water absorption, as indicated by the increase in sample mass. This phenomenon was 

accompanied by thread swelling, confirmed by an increase in their diameter during the initial 

conditioning period. In the case of PDS, the diameter increase was approximately 2.5%, 

however, as a result of water absorption, the diameter of the PGA and PGLA samples 

increased by over 20%. Interestingly, the diameter of the monofilament suture made of PGCL 

did not increase despite the increase in mass. This may be due to the dissolution rate, which 

was the fastest for this material. Figure 3 presents microscopic photographs of selected 

resorbable sutures before and after 14 days of conditioning (PDS, PGLA, PA). After 14 days, 

the monofilament PDS suture exhibited numerous microcracks on the surface of the material, 

indicating progressive degradation of the material. The multifilament PGLA suture showed no 

significant changes due to multi-day immersion in the BSS solution. 

 
Fig. 2. Change in diameter of surgical threads during conditioning 
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Fig. 3. Photographs of PA, PDS and PGLA surgical sutures before and after 14 days conditioning 

 

 

3.2. Mechanical properties 

The mechanical properties of surgical sutures change during conditioning, regardless of 

whether the suture is soluble or insoluble. In the case of soluble threads, tests after 80 days of 

conditioning were only performed for the PDS material. In the remaining cases, the samples 

were either completely dissolved or broke when clamped between the grips of the tensile 

testing machine. 

The elastic modulus (Fig. 4) of PA and PET threads decreases by approximately 40%-

50% within the first 24 hours and remains unchanged during further immersion at 37°C. In 

contrast, the PDS monofilament maintains its initial properties until day 30 of conditioning. 

Then, on day 80, the elastic modulus decreases to 20% of the initial value. 
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Changes in stiffness during conditioning for the remaining materials are similar and 

occur significantly faster than for PDS. After just 30 days of immersion, 20% of the initial 

elastic modulus was recorded for PGA and PGLA. The mechanical properties of PGCL 

sutures could only be determined up to day 15.  

 

 
Fig. 4. Change in the elastic modulus of surgical threads during conditioning 

 

The tensile strength (Rm) of the non-absorbed PA thread remains constant throughout 

the immersion period (Fig. 5). The Rm of the PET multifilament decreased by approximately 

50% after the first 24 hours, reaching 40% of the initial value after 80 days.  

The rate of decline in the tensile strength of PDS threads during the initial conditioning 

phase is not as rapid as that of PET. However, the Rm value of this material does not stabilize 

and after 80 days of immersion reaches a value below 20% of the initial value. The rate of 

change in the tensile strength of the remaining absorbable threads is greater than that of PDS. 

After 30 days, PGA and PGLA threads exhibit Rm values below 10% of the initial value, 

while for PGCL, measurements could not be obtained after this time, as previously described. 

Table 4 shows the absolute values of the diameter and maximum load of surgical sutures after 

conditioning.  
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Fig. 5. Change in the tensile strength of surgical sutures during conditioning 

 

Table 4. Absolute values of the maximum load and diameter of surgical threads 

Material Parameter* 
Conditioning time, days 

0 1 7 14 30 80 

PA 
Fmax, N 23,75 25,2 24,1 20,6 22,6 25,4 

D, mm 0,397 0,388 0,404 0,395 0,405 0,399 

PET 
Fmax, N 72,00 23,2 20,1 17,7 20,3 19,2 

D, mm 0,552 0,549 0,566 0,530 0,559 0,566 

PDS 
Fmax, N 65,76 37,0 37,3 30,1 28,0 5,2 

D, mm 0,546 0,526 0,560 0,547 0,518 0,479 

PGA 
Fmax, N 66,83 19,4 25,9 10,7 0,60 - 

D, mm 0,446 0,454 0,599 0,497 0,474 0,448 

PGCL 
Fmax, N 68,65 43,6 27,0 13,0 - - 

D, mm 0,539 0,536 0,536 0,527 0,502 0,476 

PGLA 
Fmax, N 52,31 20,0 21,8 20,8 2,0 - 

D, mm 0,448 0,469 0,499 0,550 0,494 0,495 
*Fmax – maximum load, D - diameter 

 

 

The strain at break of the non-absorbed threads remained constant throughout the 

conditioning period (Fig. 6). The strain of the absorbable threads decreased with immersion 

time, reaching values of 5% and 15% of the initial value for PGA and PGLA, respectively. 

However, 15% of the initial strain at break for PDS was recorded only on day 80 of 

conditioning.  
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Fig. 6. Change in the elongation at break of surgical sutures during conditioning 

 

Figure 7 shows sample tensile stress curves for threads before and after 14 days of 

conditioning. The absence of a yield point, coupled with high maximum stress values, 

indicates that these products were subjected to a tensile process during production, resulting 

in macromolecular orientation. The maximum stresses of conditioned threads are always 

lower than those of raw threads, even in the case of insoluble threads. Note the significantly 

lower tensile strength of the conditioned PET multifilament, while there is no significant 

change in the strain at break. 
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Fig. 7. Examples of surgical suture stretching curves 

 

 

4. DISSCUSION 

 

The surprisingly high water absorption of PET threads described in the article is the result 

of liquid penetration between the individual filaments of the thread, which, unlike PA, had a 

multifilament structure. This is confirmed by the maximum water absorption value of this 

material, which is less than 1 wt. % [23]. 

The swelling of absorbable sutures in the initial conditioning phase was also observed by 

Barbosa [4]. However, in this case, these were chitosan and kargut sutures immersed in PBS 

(phosphate buffered saline) solution. An increase in mass at the beginning of the conditioning 

process was also observed for the PDS II material in the work of Ooi [32]. However, after 80 

days, a 3% mass loss was observed. In this case, a USP 2-0 size suture was tested in 

potassium phosphate buffered saline. It can therefore be concluded that many factors 

influence suture degradation. This is indicated by the recorded 10% mass loss after 80 days of 

conditioning described in this work. 
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In another study [3], chitosan-coated PLA fibers conditioned in saline lost 50% of their 

weight after just 15 days of testing. However, in this case, biodegradation occurred at 70°C. 

Furthermore, the degradation rate of absorbable sutures is influenced not only by temperature 

but also by the pH of the solution, as proved by Niculescu [30]. 

The rate of mass loss during hydrolytic degradation of PGA material conditioned in a 

buffer solution for 24 days at 37°C is greater for smaller sample sizes, as demonstrated by 

Shawe in his study [34]. The study was conducted on 0.06 mm, 0.09 mm, 0.13 mm, and 0.3 

mm thick tapes. The researcher indicated that the rate of mass loss depends on the surface-to-

volume ratio. Therefore, it can be assumed that placing smaller diameter surgical sutures in 

the solution will contribute to a shorter dissolution time due to their lower surface-to-volume 

ratio compared to larger diameter sutures, and thus a shorter diffusion path. 

Changes in the mechanical properties of surgical sutures, both soluble and insoluble, 

during conditioning have also been observed by other authors [2,42]. A stable value of the 

PDS elastic modulus in the initial phase of conditioning was also observed by other 

researchers for threads without an antibacterial coating [26,41]. However, it is difficult to find 

in other publications the results of mechanical tests after 80 days of conditioning, and after 30 

days of immersion in physiological saline solution, the elastic modulus decreased 

significantly. Interestingly, Müller [29] observed an increase in stiffness of PDS sutures 

starting from day 42 of the study. An increase in stiffness was also noted between days 14 and 

42 of conditioning in Ringer solution for PGLA sutures. 

The significant reduction in the tensile strength of PET multifilament is surprising, 

especially since in the publication [21], no statistically significant changes in the strength of 

the polyester threads were observed. In the same study, a similar relationship was observed 

for PA, despite the fact that conditioning was carried out in Ringer's solution at 22°C. In the 

study [42], a different relationship was observed for PA threads. After 14 days of conditioning 

in Ringer's solution, a 20% increase in the force required to break the thread was noted. 

The lowest rate of change in strength over time was observed for PDS with an 

antibacterial coating. This trend was also observed by Gierek [14]. Furthermore, after 28 days 

of conditioning in physiological saline, they observed a decrease in Rm for PGLA threads to 

21.5% of the initial value, and for PGCL threads, they achieved approximately 40% of the 

initial Rm value on day 14. 

In the work of Szabelski [37], similarly to the studies described here, a decreasing 

tendency of the strain at break was observed for the polyglycolic acid suture during 

conditioning in Ringer's solution. However, in the case of the PDS suture without 
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antibacterial coating, the researchers observed a significant increase in the mean strain at 

break during conditioning.  

 

5. CONCLUSIONS 

Surgical sutures vary in their materials, size, and structure. They exhibit different 

behaviors depending on the chemical composition, temperature, and pH of the environment in 

which they are used. Furthermore, different researchers use different research methodologies 

to determine their mechanical properties. Therefore, it is extremely difficult to compare the 

results presented in different scientific publications. 

Based on the conducted studies, it was found that the multifilament PGCL thread exhibited 

the highest resorption rate in BSS solution at 37°C, while the PDS monofilament thread 

exhibited the longest rate. In the first phase of the resorption process, all tested threads 

absorbed water, which in most cases was accompanied by swelling. Surprisingly, the tensile 

strength of the PET threads decreased significantly after just 24 hours of conditioning. The 

resorbable PGA and PDS threads did not dissolve until day 80 of the study, similarly to the 

nonresorbable PA and PET threads. However, in the case of PGA, the degree of degradation 

was so advanced that mass loss could be assessed, but mechanical property measurements 

were not possible. 

In eye microsurgery, monofilament sutures are primarily used due to their smoother 

surface and reduced risk of microbial colonization. During cataract surgery in adults, sutures 

with stable mass and minimal changes in diameter and strength are preferd for  emergency 

closure of leaky incisions. Among the materials tested, polyamide meets these criteria, 

demonstrating the greatest stability of its properties. For conjunctival closure, when a longer-

lasting, absorbable support is required, the best solution is PDS, which maintains its 

mechanical properties the longest among the absorbable sutures tested. 
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