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Abstract: The presented experimental research aims to compare the degradation degree of five different 

types of surgical sutures used in clinical practice and to discuss the influence of local pH on the 

degradation of a suture material. The surgical sutures were tested in terms of stability and hydrolytic 

biodegradation in Phosphate Buffer Saline (PBS) solution varying the pH and the immersion time of the 

samples in the liquid medium. The surface properties, structural characteristics and the effects of 

hydrolytic biodegradation on the mechanical properties were studied using Fourier Transform Infrared 

Spectroscopy (FT-IR), Scanning Electron Microscopy (SEM), Degradation degree and Tensile Strength 

tests, respectively. 
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1. Introduction 
Synthetic polymeric biomaterials are currently used in a wide variety of medical applications, 

including surgery, raising concerns related to the pH dependent degradation of materials and the 

temporary or long-term contact of the polymeric materials with the tissues and biological substances. 

In recent years, a large number of synthetic and natural polymers became available and the choice of 

a certain surgical suture material in surgery requires a complex appraisal, considering the wound healing 

particularities [1]. The study of the pH level influencing the retention of strength for these materials has 

been sparse so far. 

A surgical suture is defined as a biomaterial device used for closing wounds. They are used on the 

internal tissues, organs, blood vessels and skin. In order to be used for medical application, surgical 

sutures should be biocompatible, flexible, sterile, and low-priced, should have sufficient mechanical 

strength and produce secure knots [2-4]. Among the physical and mechanical properties that must be 

known, we mention tensile strength, stiffness and suture size. Depending on the manufacturing process, 

surgical sutures can be classified into 3 groups: i) monofilament sutures, ii) multifilament sutures 

(braided or twisted) and iii) coated multifilament sutures [5-7]. The classification of the surgical sutures 

is shown in Figure 1. 

The first two biodegradable polymers, extensively used for surgical sutures, were the polyesters, 

poly(lactic acid) (PLA) and poly(glycolic acid) (PGA) [8-10]. Nowadays, the common raw materials 

used for absorbable sutures are catgut, polylactide, polyglycolide, copolymers of polyglycolide and 

polylactide, while for nonabsorbable sutures the options include polymers as polyester, polypropylene, 

polyamide or silk [11,12].  

For synthetic polymers the most important way of degradation is the hydrolysis and the main factors 

influencing this process are: the type of chemical bond, crystallinity, water uptake, polymer/copolymer 

composition and medium pH. The parameters that have been proposed to measure the degradation 

process are: polymers/copolymers molecular weight, loss of mechanical strength, monomer release and 

complete degradation into monomers.  
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Understanding the mechanism of degradation is particularly important for the selection and design 

of materials in surgical applications, as this process can affect a number of events, as tissue regeneration, 

cell growth, immunological response and material biofunctionality [13-18]. 

 

 
Figure 1. Surgical sutures classification 

 

The most frequently used synthetic surgical sutures are glycolic acid copolymer with L-lactic acid 

(Vicryl), glycolic acid copolymer with ε-caprolactone (Monocryl), polidioxanone and non-absorbable 

polymers such as nylon, polyethylene, polypropylene (Prolene), polyester of polyvinylidene (PVDF). 

In this study, different absorbable commercial surgical sutures were studied and tested in vitro to 

analyze their degradation and the effects of pH on the tensile properties. 

 

2. Materials and methods 
Five types of commercial absorbable surgical sutures were tested in terms of biodegradation in 

phosphate buffer solution (PBS) with two different pH values, respectively 4.4 and 7.4.  

The value of pH is very important for biodegradation studies. It is known that in the human body the 

pH varies from 0.9-1.5 corresponding to the pH of gastric juice in the stomach to 8.2 the pH of pancreatic 

juice in the duodenum; urinary pH often varies between 4.5 and 8.0 and physiological pH value of the 

skin surface ranging between 4.2–5.6 in healthy adults and children. According to this data, we select 

the pH value at 4.4 and 7.4 [19-21]. 

The coding of the experimental surgical suture samples is presented in Table 1. 

 

Table 1. Experimental surgical suture coding 
Code Surgical suture material Suture type 

P1 PDX - Polydioxanone Absorbable, monofilament 

P2 PLGA - Poly(lactic-co-glycolic acid) Absorbable, multifilament braided 

P3 Fast PGA - Polyglycolic acid Absorbable, multifilament braided 

P4 
PGA - Polyglycolic acid with a 

higher molecular weight than sample P3 
Absorbable, multifilament braided 

P5 PGC - Poly(glycolide-co-ε-caprolactone) Absorbable, monofilament 

 

Fourier Transform Infrared Spectroscopy (FT-IR) was used to evaluate the structural characteristics 

of the polymers of which the surgical sutures are made of. The analysis was performed on a JASCO 

6200 FT-IR spectrometer, equipped with a Golden Gate-type attenuated total reflection device (ATR). 
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The spectra were recorded with a resolution of 4 cm-1, by overlapping about 160 spectra, which were 

later processed, using the dedicated software of the device. 

The surface morphology of the investigated surgical sutures was evaluated using a Philips XL 30 

ESEM Scanning Electron Microscope previous to in vitro biodegradation.  

The investigated surgical sutures of 5 cm long were immersed in PBS solution, reproducing 

physiological conditions, with two different pH values, respectively 4.4 and 7.4. The pH was determined 

using a pH meter HI 2210 HANA instrument. The determinations were performed on the experimental 

samples in the initial state (control) and after immersion in the test medium for 2 weeks, 4 weeks, 6 

weeks and 8 weeks. 

The degradation degree of surgical sutures was evaluated by measuring the weight loss. The 

experimental samples were kept in the standard atmosphere for two hours before the initial weight 

measurement (W0). They were then immersed in 25 mL PBS for previously established time (2, 4, 6, 8 

weeks), then removed from the solution, cleaned with deionized water, kept in the standard atmosphere 

until they reached constant weight and were weighed (W, weight after immersion). The percentage of 

degradation degree was calculated according to the formula: 

 

𝐷𝐷 =
𝑊𝑜 −𝑊

𝑊𝑜
∗ 100 

          (1) 

 

The mechanical properties of the experimental samples were also evaluated, following their tensile 

strength. The investigated surgical sutures of 5 cm long were tested in triplicate. To measure the 

elongation of a sample at a constant speed and with an imposed load, we used GATAN MicroTest 2000N 

Module (Figure 2) with test speed of 0.4 mm/min, maximum elongation of 10 mm and distance between 

backs of 10 mm. 

 

 
Figure 2. Fixation of the surgical suture sample for testing on  

GATAN MicroTest 2000N Module 

 

3. Results and discussions  
3.1. Fourier-transform infrared spectroscopy results 

The chemical structure of polymers is important in assessing the degree of degradation both in-vivo 

and in-vitro degradation processes. The formation of the degradation products depends on the type of 

polymer, the degradation mechanism, and the type of additive present in the material. Fourier Transform 

Infrared Spectroscopy (FT-IR) was used in the study to evaluate the chemical structure of the polymers. 

The spectra were recorded by placing the dried samples directly on the crystal of the ATR device, and 

the results are presented in figure below. 
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Figure 3. FT-IR spectra of the investigated surgical suture samples 

 

 

Figure 3 shows the FT-IR spectra of the investigated surgical suture samples. In all spectra it can be 

observed a strong band between 1730 and 1740 cm–1 ascribed to the C=O stretching vibration. There are 

also other characteristic absorption bands at around 1150 cm-1 (C–O–C, ether) and 1085 cm-1 (C–O, 

ester). C–H stretching bands were found between 2840 cm-1 and 3000 cm-1, while bending vibrations 

were observed at bands situated around 1415 cm-1. From 800-1200 cm-1 the absorption bands belong to 

C-C stretches. 

The FT-IR measurements was made just to confirm that no biodegradation of the polymeric samples 

appear and to confirm that the polymeric surgical sutures are from polyester class, because the type of 

polymeric materials from which the surgical sutures are made was known from the details provided by 

manufacturer (polydioxanone, polyglycolic acid, lactic acid copolymer with glycolic acid, polyglycolic 

acid copolymer with caprolactone). 

 

3.2. Scanning electron microscopy results 

The surface of the experimental samples was analyzed in detail using Scanning Electron Microscopy 

(SEM).  

SEM results obtained for each type of experimental sample are presented in the Figure 4. In the case 

of experimental sample P1 and P5, the surgical suture presents a monofilament homogeneous structure 

without microorganisms or debris, whereas samples P2, P3 and P4 present a multifilament surgical 

suture composed of several threads braided together. Braided surgical sutures show better tensile 

strength and more flexibility than monofilament surgical sutures, yet the latter present less tissue reaction 

and scar formation [19]. 
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Figure 4. Scanning Electron Microscopy images of the investigated 

surgical suture samples: (a) P1 sample; (b) P2 sample; (c) P3 sample; 

(d) P4 sample; (e) P5 sample 

 

3.3. Degradation of surgical sutures 

The degradation of the experimental samples from the surgical suture investigated during immersion 

in PBS is due to a hydrolysis process. The amount of water absorbed by the polymer is essential in the 

calculation of the degradation degree. Another important aspect is the molecular mass of the polymer, 

therefore, the lower the molecular mass of a polymer, the higher the degradation degree. Extrinsic factors 

that influence the degree of degradation include the presence of moisture, enzymes, pH, temperature, 

microorganisms, stress applied to biomaterials and sterilization methods used. 

The rate of hydrolytic reaction is affected by the surrounding pH, so it is important to understand 

how the surgical sutures react to environments with different pH values. The evolution of the degradation 

degree by measuring the weight loss on the investigated experimental samples is presented in Figures 5 

and 6. 
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Based on Figures 5 and 6 we can observe that the degree of degradation, measured by weight loss, 

increases with the immersion time in the case of all the experimental samples investigated, regardless of 

the pH value (4.4 or 7.4) and the type of material [22-24]. Depending on the type of material, it is 

observed that sample P1, made from polydioxanone, a polymer with a weak hydrophilic character, has 

the lowest degree of degradation, while the highest degree of degradation is observed in the case of the 

sample P3 made from polyglycolic acid with low molecular mass and strongly hydrophilic. In the case 

of samples P3 and P4, both made of polyglycolic acid, a difference between the values of the degradation 

degree is observed due to the fact that the molecular mass of sample P3 is lower. Furthermore, depending 

on the pH value, it is observed that at pH=7.4 the samples degrade faster than under acidic conditions. 

Also, an important aspect was highlighted in the case of samples P2 (Poly(lactic-co-glycolic acid)) and 

P5 (Poly(glycolide-co-ε-caprolactone)). Although polylactic acid is degraded in 2-5 years, respectively 

polycaprolactone in a period of more than 2 years, the copolymerization with glycolic acid increases 

considerably the degradation degree. This is explained by the fact that in the case of the formed 

copolymer containing both components, strongly hydrophilic and weakly hydrophilic, the degradation 

degree is higher than that of the homopolymer. Although a general increase in the degree of degradation 

is observed in the samples tested under alkaline conditions, sample P1 (polydioxanone) shows a strong 

slowdown of the degradation process. 

Based on the local pH, absorbable surgical sutures are recommended for tissues containing acidic 

fluids, in gastro-intestinal, urologic, and biliary tract surgery [20]. The acidic milieu counteracts 

microbial colonization, and it also favours healing in a complex way, inclusively by an increase in the 

amount of available oxygen for cells due to the Bohr-effect [25]. It is the case of the skin surface, where 

Figure 5. Evolution of the 

degradation degree  

of the samples investigated at 

pH=4.4 (p<0.05) 
 

Figure 6. Evolution of the degradation 

degree of the samples investigated at 

pH=7.4 (p<0.05) 
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the physiological pH value, ranging between 4.2–5.6 in healthy adults and children, allows a normal 

degradation process of the surgical sutures of the wounds. An increased pH builds a favourable medium 

for bacteria, and thus for infection. A wound infection can present a pH up to 10.0, in which case the 

surgical sutures will degrade twice as fast, leading to wound dehiscence [26]. In the case of contaminated 

wounds, absorbable braided suture should not be used, but modern evaluation techniques suggest that 

bacterial adherence dependents not only on the braid itself, but also the absorbency of the material [27]. 

 

3.4. Tensile testing of sutures 

The strength of a surgical suture material is important for several reasons, including the ability of the 

suture threads to withstand knotting and stress when used to bring the soft tissues into apposition. Low 

resistance surgical sutures tend to break during surgery or, more importantly, post-surgery. The tension 

corresponding to the maximum force required by the surgical suture prior to its breaking is called tensile 

strength, which is a conventional feature of the material being tested. The tensile strength of the surgical 

suture increases with diameter (the diameter of the surgical suture that can be expressed by a code 

number of one of two different standard rules, United States Pharmacopoeia and European 

Pharmacopoeia). The results obtained on initial (control) surgical suture and after immersion in PBS at 

4 and 6 weeks are shown in the following figures (Figure 7 and Figure 8).  

 

 
Figure 7. Variation of elongation after tensile testing of the initial experimental 

samples, immersed in PBS, 4 weeks (P1_4, P2_4, P3_4, P4_4, P5_4) and 6 weeks  

(P1_6, P2_6, P3_6, P4_6, P5_6) at pH 4.4 

 

Regardless of the pH of the test medium, it is observed that the elongation decreases with increasing 

immersion time. In the case of polyglycolic acid surgical suture at 4 and 6 weeks, respectively of the 

poly(lactic-co-glycolic acid) at 6 weeks, the elongation value is zero (these strands were broken during 

the degradation process). The best behaviour recorded after tensile strength tests was observed for the 

P1 sample made of polydioxanone for which the elongation value recorded at 6 weeks of immersion is 

1.589 mm (at pH 7.4) and 1.609 mm respectively at pH of 4.4. These results are in agreement with the 

results obtained when determining the degree of degradation and at the same time PDX is the only 

surgical suture that has retained its integrity after 8 weeks of immersion in the PBS solution. 

In the case of surgical sutures made of polyglycolic acid (sample P3 and P4) but of different 

diameters, a better behaviour is observed for sample P4 although the thread diameter is smaller. This is 

due to the fact that the molecular weight of the polyglycolic acid from which the P4 sample is made is 

higher, which means better degradation behaviour and thus a higher tensile strength. 

In the case of surgical sutures made of polyglycolic acid (sample P3 and P4) but of different 

diameters, a better behaviour is observed for sample P4 although the thread diameter is smaller. This is 

due to the fact that the molecular weight of the polyglycolic acid from which the P4 sample is made is 

higher, which means better degradation behaviour and thus a higher tensile strength. 

The mechanical properties of the clinically used surgical sutures are correlated with the degree of 

degradation of the polymers, but also with the clinical necessity and different surgical procedures. 
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Figure 8. Variation of elongation after tensile testing of the initial experimental 

samples, immersed in PBS, 4 weeks (P1_4, P2_4, P3_4, P4_4, P5_4)  

and 6 weeks (P1_6, P2_6, P3_6, P4_6, P5_6) at pH 7.4. 

 

Tensile strength of the suture is required in areas of higher tension or mechanical stress such as 

closure of the abdominal wall. The trials in this field usually evaluate early wound failure caused by 

wound infection and dehiscence or late wound failures (incisional hernia, sinus and fistula formation). 

Some studies found that elective midline laparotomy has a significant lower chance of incisional hernia 

if a slowly absorbable (vs. rapidly absorbable) suture material is used with a continuous technique, but 

for emergency interventions no clear recommendation exist so far [28-30]. In the setting of active 

infection and contamination, abdominal wall reconstruction is associated with higher rates of hernia than 

clean wounds, but the best solution for these cases is still debatable [31]. Compared with non-absorbable 

sutures, the absorbable sutures are expected to reduce the incidence of surgical site infection, although 

there is no strong evidence to support this effect in the case of gastrointestinal surgery [32]. 

A recent review on suture techniques and materials for closure of the fascia following laparotomy 

incisions found that monofilament sutures reduced the risk of incisional hernia when compared with 

multifilament sutures. On the other hand they found no significant difference in terms of wound 

infection, wound dehiscence or incisional hernia, whether based on suture absorption, closure method 

(anatomic layers or mass), or closure technique (continuous or interrupted) [33]. 

Despite the broad spectrum of polymers available, it is often difficult to meet all the requirements 

for a medical device at the same time and also remain cost-effectively. In addition, there are inherent 

problems that arise in the case of polymers, despite their non-toxic behaviour, as there may result some 

monomer residues from incomplete polymerization and other soluble components. These justify intense 

polymer testing prior to their transfer into clinical applications [34]. 

The pH dependent degradation of a suture should be further studied for various pathologic conditions, 

since extensive, homogenous clinical data in this field is still lacking. 

 

4. Conclusions 
Candidate polymers for surgical sutures must comply with the requirements that arise either from 

their structure or from the physiological destination environment. Tensile strength, degradation degree 

and stability of the material are the main parameters in the selection of materials for surgical sutures. 

The results show that in physiological conditions (pH=7.4) the investigated surgical sutures with a 

glycolide component degrade more rapidly, whereas surgical sutures made of polydioxanone degrade 

and lose tensile strength more rapidly in acidic conditions. 

Therefore, surgical sutures with a lower degradation degree and implicitly a higher tensile strength 

should be used in wounds that require prolonged support in order to avoid wound dehiscence.The 

integrity of surgical sutures is dependent on the degree of degradation; however, suture techniques and 

methods of knot formation play also an important role in this matter [35]. 
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The interdependency created by the strong bond between pH and degradation degree should not be 

overlooked as it can produce an unwanted cascade effect; an increased pH produces a higher degradation 

degree and a lower tensile strength that results in a more probable wound dehiscence effect to take place. 
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