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Achilles tendon injury has become a common sports injury clinically, and its treatment and rehabilitation are essential, while the regenerative capacity of the Achilles tendon in adult mammals is limited. Therefore, it is necessary to promote the repair and remodelling of the Achilles tendon through efficient interventions. Biodegradable polymer materials are one of the most popular in the treatment and repair of soft tissues, ligaments, muscles, and organs injured by organisms to enhance the function of their wounded sites. Thus, it plays a specific role in “compensation” and is widely used in clinical medicine and rehabilitation. This review summarized the progress of poly (ε-caprolactone), polylactic acid, poly (lactic-co-glycolic acid), poly (trimethylene carbonate) (PTMC), and polydioxanone (PDS) in repairing Achilles tendon injury, indicating that the biodegradable polymers have succeeded in improving and treating Achilles tendon injuries. However, some problems such as lack of good affinity with cells and uncontrollable degradation of the biodegradable polymers should be overcome in repairing Achilles tendon injury. Therefore, the development of modified biodegradable polymers to make them an ideal repair material that meets the requirements is vital in improving Achilles tendon injuries. With the continuous development and close cooperation of life sciences and material sciences, excellent materials for repairing Achilles tendon injuries will undoubtedly be produced. The treatment of Achilles tendon injuries will be more straightforward, which will be a boon for many athletes.
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INTRODUCTION
The Achilles tendon is the largest and most powerful tendon in the human body, laying the foundation for our lower limb activities. Achilles tendon injury often occurs during the process of physical training. The damage of soft tissue and muscle ligaments around the Achilles tendon, causing the loss of lower limb muscle strength, flexibility, and other functions. If the Achilles tendon fracture is severe and surgical treatment is needed. Tendon injury is common in sports and other rigorous sports, leading to dysfunction, and disability for months or years (Dams et al., 2019). In addition to direct damage, more than 70% of the Achilles tendon breaks are more involved in sports, especially the ball and track and field (Ganestam et al., 2016). Complications after an Achilles tendon rupture are not uncommon. The tendon rupture was the most common. The postoperative Achilles tendon re-rupture rate was approximately 1.7–5.6% (Cerrato and Switaj, 2017). The most common method of tendon injury is autologous transplantation. However, these lead to morbidity and further weakness (Jayasree et al., 2019).
In recent years, tissue engineering based on biomedical materials has given hope to repairing Achilles tendon injuries. Previous work showed that collagen is a popular scaffold material for tendon tissue engineering because tendons are principally composed of collagen (Garvin et al., 2003; Juncosa-Melvin et al., 2006). Although other naturally derived scaffolds researched for tendon applications have included chitosan-based hyaluronan hybrid polymer fibres (Funakoshi et al., 2005) and alginate–chitosan polyion hybrid fibrous complex (Majima et al., 2005), a significant focus has been targeted on synthetic degradable materials, such as PGA (Cao et al., 2006) and PLGA (Moffat et al., 2009). Revercho et al. had critically analyzed the biodegradable polyester like polyglycolic acid (PGA), polylactic acid (PLA), and their copolymer for tendon tissue engineering (Reverchon et al., 2012). They demonstrated the degradation products of polyesters, such as glycolic acid and lactic acid, are metabolites present in the human body, while the main disadvantage is that the degradation products are acidic and will cause inflammation. In addition, the hydrophobic structure of biodegradable polyesters may cause problems for cell adhesion. In contrast, poly (ε-caprolactone) (PCL), polydioxanone (PDS), or poly (trimethylene carbonate) (PTMC) degrades with non-acidic products, avoiding the problem of pH drop. Hence, biodegradable polymers’ selection and performance regulation will significantly impact the repair effect of Achilles tendon injury, which also attracts extensive interest.
In this review, the most widely studied biodegradable polymers, including polyesters, such as PLA and PLGA, and PTMC, PDS, are listed as representatives to summarize the progress in the application of biodegradable polymers in the repair of Achilles tendon injuries. It will provide detailed theoretical guidance for the selection and development of scaffold materials with good performance, and promote tissue recovery and regeneration of the Achilles tendon injury, making it a reality for patients to return to families and society healthily.
EFFECT OF PCL ON THE REPAIR OF THE ACHILLES TENDON INJURY
Poly (ε-caprolactone) (PCL), has a highly effective therapeutic effect as a biomedical polymeric material combined with cells to treat Achilles tendon injuries. Cai et al. (2020) combined PCL-SF/PLCL fabric scaffolds with marrow stem cells from rabbit bone to promote healing of injured tendons. It has been found that PCL-SF/PLCL copolymer has good tissue regeneration ability. It will be a potentially valuable biomedical polymer material widely used in tendon tissue engineering.
It is worth noting that using a variety of biomedical polymers as composite scaffold materials can play a double role in repairing Achilles tendon injuries with half the effort. It was concluded that the Band-Aid with 50% Wharton’s jelly (WJ)-derived extracellular matrix (ECM) combined with PCL electrospinning had the fastest therapeutic effect on cell proliferation and differentiation, indicating that it was beneficial to nerve regeneration after Achilles tendon rupture and improved the activity of muscle tissue (Li et al., 2017). Schoenenberger et al. (2018) prepared PCL fibre scaffolds with highly aligned or randomly oriented by electrospinning and cultured human tendon fibroblasts (TFs) on them. The results showed that highly aligned PCL scaffolds tended to down-regulate the expression of matrix metalloproteinases (MMPs) because of their high catabolic activity; Czarnecki et al. (2012) similarly investigated the feasibility of PCL-modified composite fibre-carbon scaffolds and analyzed their mechanical properties and ability to support the growth and proliferation of human dermal fibroblasts. The results showed that PCL-modified composite fibrous scaffold had similar mechanical properties to the acellular dermal matrix to support fibroblast adhesion and proliferation. The results demonstrated that PCL, as the main component of the fibrous scaffold, can play a role in inhibiting cell adhesion and rapid proliferation physiologically and can be used as a biomedical polymer material in clinical studies.
In addition to the above composite fibre scaffold, the Achilles tendon can also be repaired directly using the interaction between biomaterials and cells. Wang has developed a bioactive polymer membrane for guided bone regeneration (GBR) by interacting bone marrow stromal cells (BMSCs) with PCL and functionalizing stromal cell-derived factor-1a (SDF-1a). The cultured biofilm can be applied to the injured bone and joint. The results suggest that SDF-1a-loaded PCL electrospun membranes are bioactive and valuable for optimizing the clinical application of GBR strategies (Ji et al., 2013).
To simulate the natural tendon tissue structure, Jayasree et al. (2019) prepared a woven multiscale fibrous scaffold composed of PCL micro/collagen bFGF nanofibers and coated with sodium alginate to prevent peritendinous adhesions. The release kinetics of bFGF showed sustained release of growth factors for 20 days. The results showed that mPCL-nCol-bFGF had higher cell proliferation and expression of tenogenic markers than mPCL-nCol. The results also showed that PCL nanofibers scaffold loaded with essential fibroblast growth factor (bFGF) could recover some physiological indexes around the Achilles tendon of rabbit tendon. It could be used as a biomedical polymer material to repair Achilles tendon injury.
Chen et al. (2017) studied the physicochemical properties of random PCL (RP) nanofibers, random PCL/SF (RPSF) nanofibers, and aligned PCL/SF (APSF) nanofibers, and used RPSF and APSF scaffolds to repair rabbit Achilles tendon defects. Histological sections were stained with Hematoxylin-eosin (H&E) and Masson’s trichrome at 6 and 12 weeks. The results showed that the migration and proliferation of rabbit dermal fibroblasts (RDFBs) on the arranged nanofiber scaffolds tended to stretch in a parallel direction along with the arrangement of nanofibers, which was conducive to promoting soft tissue healing around Achilles tendon defects and improving the effectiveness and reliability of the scaffolds in vitro. In addition, scaffolds made of SF can also be applied to the regenerative repair of other tissues, for example, renewable bone, eye, nerve, skin, tendon, ligament, and cartilage (Jao et al., 2016).
As a biodegradable fibrous membrane, the biomedical polymer can make full use of its biological characteristics such as repair of Achilles tendon and rapid degradation rate, which is conducive to reducing the number of inflammatory factors around Achilles tendon injury can play a role in preventing soft tissue adhesion. Some experts have studied the applicability of PCL film for repairing the Achilles tendon gap in the rat model. The results showed that the biomechanical and morphological changes were similar in the PCL membrane repair Achilles tendinopathy group after 8 weeks of surgery (Kazimoğlu et al., 2003). It indicated that the biodegradable PCL membrane group had the best therapeutic effect on the Achilles tendon and demonstrated the practical therapeutic effect of PCL in repairing Achilles tendon injury.
It has been reported that Lee et al. (2019) also improved the healing of collagenase-induced Achilles tendinitis in rabbits by preparing diclofenac immobilized polycaprolactone (DFN/PCL) fibre sheets. The study results demonstrated that the long-term diclofenac delivery system using PCL fibre sheets strongly affects collagenase-induced Achilles tendinitis rabbit model and tendon recovery. By investigating the effect of PCL ultrafine fibres arranged in three dimensions on the growth behaviour of fibroblasts, it was found that microfibers were able to support the proliferation of human dermal fibroblasts for more than 7 days (An et al., 2012). This super fibre can be considered a scaffold study for applying biomedical polymer materials in tissue engineering and will be an effective clinical treatment option for athletes with Achilles tendon injuries.
Others have combined composite fibrous materials with stem cells to prepare new biomedical polymer materials to promote soft tissue regeneration around the Achilles tendon, enhance cell activity, and avoid pathological changes in the injured tendon tissue. Dong et al. (2021) found that a biopolymer scaffold composed of polycaprolactone/silk fibroin (PCL/SF) copolymers could reduce the adhesion of tissues around the Achilles tendon, thereby promoting the healing of Achilles tendon injuries. Bosworth et al. (2013) used three different polycaprolactone fibre-based electrospinning scaffolds (two-dimensional random sheets, two-dimensional alignment sheets, and three-dimensional bundles.) to repair injured tendons. The results showed that the three-dimensional bundle showed the most excellent tensile performance, significantly stiffer than the two-dimensional arrangement and two-dimensional random fibres. It can be used as a biomaterial for artificial grafts, and considered the polymer material of choice to treat Achilles tendon ruptures.
The study of Achilles tendon reconstruction is a hot topic. Immunohistochemical and biomechanical analysis of the tendon regeneration process using braided tendon implants for Achilles tendon reconstruction in rabbits showed that both polylactic acid and chitin composite tendons had good initial strength and increased fibrous tissue length. It also plays a compliant role in reconstructing the Achilles tendon, indicating that these polymer materials have great potential in artificial tendons (Sato et al., 2000). Hu et al. (2013) prepared PCL biofilms using an improved melt moulding/leaching technique and evaluated their physical and mechanical properties and in vitro degradation rates, while biomechanical analysis was carried out after repairing the Achilles tendon of rabbits after repair rupture. The results showed that the internal fixation technique of strengthening tendon repair with PCL biofilm could significantly improve the tensile strength of the Achilles tendon repair site, which laid a foundation for early postoperative rehabilitation.
As mentioned above, PCL has good biocompatibility and has great application potential in repairing Achilles tendon injuries as one of the ideal repair materials. However, PCL is a semi-crystalline polymer; its degradation rate in vivo is prolonged and affected by crystallinity. The higher the crystallinity, the slower the degradation. How to adjust the all-around performance of PCL, make it have a controllable degradation rate to match the degradation rate with the speed of tissue regeneration is a problem that needs to be addressed in the application of PCL to repair Achilles tendon injuries. In addition, whether the crystalline degradation fragments of PCL can induce inflammation is also a question worthy of attention.
EFFECT OF PLA ON ACHILLES TENDON REPAIR
Polylactic acid (PLA) has been widely used in regenerative medicine as an absorbable, biodegradable polymer. Due to its excellent biological characteristics, PLA has also attracted more and more attention in repairing Achilles tendon injuries. Liu et al. (2015) produced the electrospun PLA nanofibers with controllable coiling. Studies have shown that electrospinning PLA has controllability and can play a therapeutic effect in restoring tendon injury. It is common to prepare PLA composite scaffold materials to repair Achilles tendon injury, as coupled with the intervention of various cytokines, the regeneration of the Achilles tendon and the proliferation and differentiation function cells will be promoted. Vuornos et al. (2016) reported that human adipose-derived stem cells (hASCs) could form a uniform cell layer on woven PLA scaffolds under the culture of a tenogenic medium, and effectively differentiate into tendon tissue.
Unlike the fibrous scaffolds loaded with hASCs described above, Wang et al. (2017) compared the effect of cell-free scaffolds, allogeneic scaffolds and autologous cell implantation scaffolds on the tissue recovery. The allogeneic scaffold material was PGA with PLA fibres woven in a ratio of 4:2. The study results found that the degree of tissue recovery in the allogeneic group was better than the other two groups, and the degradation rate of the scaffold in vivo was much faster; Deng et al. (2014) also used a composite tendon scaffold consisting of a PGA unwoven fibre medial and a PGA/PLA wool woven mesh lateral to provide mechanical strength. The results showed that adipose-derived stem cells (ASCs) combined with biomaterials could rapidly heal the ruptured tendon, produce new granulation tissue, and gradually form mature new tendons. The results indicate that ASCs have a huge promoting effect in tissue remodelling and tendon regeneration.
In addition to the above composite scaffold materials, PLA also can be used to prepare new hollow braided prosthetic material that can be degraded in vivo to repair Achilles tendon injury. Araque-Monrós et al. (2013) designed a new renewable absorbable tendon and ligament prosthesis through PLA hollow braided bands, finfding that L929 lineage fibroblasts combined with PLA braid could prevent tissue adhesion and promote the continuous proliferation and renewal of cells. Chen et al. (2009) reported that the regeneration limitations of injured biological tissues have been solved by using the characteristics of cells in combination with material scaffolds for tendon and ligament injuries.
PLA has good biological characteristics, will not have adverse effects on the body, and plays an essential role in repairing Achilles tendon injury. Song et al. (2015a) used PLA and PCL electrospinning membranes with different degradation kinetics to study the anti-adhesion effect on Achilles tendon repair. The results showed that the electrospun PLA membrane group’s anti-adhesion ability and tendon repairability were significantly better than those of the PCL membrane group.
At present, Achilles tendon rupture requires the fixation of an external splint, and the traditional sling will cause muscle spasms. Blaya F et al. prepared splints made of made of PLA and FilaFlex to ensure comfort and corrosion resistance (Blaya et al., 2019). Some researchers have prepared anti-adhesion films by co-spinning beeswax (Wax) with PLA. In the rat Achilles tendon adhesion model, the beeswax/PLA film group had the least histologically surrounding adhesions at the repair site, which indicated that the anti-adhesive effect of beeswax/PLA copolymer on the Achilles tendon was significant and could be considered to prevent the adhesion of Achilles tendon soft tissue (Zou et al., 2020).
From autologous transplantation to “compensatory” replacement of grafts with medical polymer materials, this will be a significant advance in applying medical polymer materials, but the histocompatibility of this biomedical polymer material to the human body, and whether there will be eosinophilic substances need to be further studied. To promote the broad application of PLA in the repair of Achilles tendon injuries, eliminating the inflammation caused by acid degradation products is a critical issue that needs attention. Another issue that needs to be considered is how to increase the affinity of PLA and cells to improve cell adhesion and proliferation viability.
EFFECT OF PLGA ON ACHILLES TENDON REPAIR
The scaffold materials composed of PLGA combined with cells are also reoprted in Achilles tendon injury. For example, the complex of stem cells (MSCs), fibrin glue, and woven PLGA to repair the tendon defects of gastrocnemius tendon and patella have shown that the tensile modulus of the gastrocnemius tendon reaches 62% of normal tissue 12 weeks after implantation (Awad et al., 2003; Ouyang et al., 2003).
It is a relatively novel tissue engineering method to encapsulate the bioactive substance on reinforced degradable knitted fibres, combined with cellular components for repairing Achilles tendon injuries. Sahoo et al. (2010) encapsulated bFGF on a slowly degrading knitted PLGA microfiber filament scaffold to fabricate a new biohybrid fibre scaffold system. It has been found that this hybrid polymer scaffold can promote the attachment and proliferation of intercellular progenitor cells (MPC) and allow the cells to grow on PLGA fibre scaffolds, fully indicating that PLGA is very potential for repairing and regenerating tendons; Ouyang et al. (2002) reported the application of woven PLGA scaffold seeded with bone marrow stromal cells (bMSC) in improving Achilles tendon injury in rabbits. bMSC/PLGA-treated tendon repair had eosinophilic tissue formation after stent implantation, which indicated that this biological scaffold produced cell proliferation and regeneration in the soft tissue around the Achilles tendon, resulting in treatment around the Achilles tendon injury. However, acidic substances will produce an acidic environment around the Achilles tendon, which is not conducive to the healing of the Achilles tendon.
Some experts prepared silk fibroin-PLGA mesh scaffolds, filling with type I collagen and rabbit autologous bone marrow stem cells. Implantation of these scaffolds into rabbit Achilles tendon defect sites resulted in the formation of granulation tissue exhibited by the regenerated Achilles tendon, indicating that necrotic tissue was being repaired and inflammatory factors were reduced (Zhang et al., 2015). Choi et al. (2020) prepared lactoferrin-immobilized, heparin-anchored PLGA nanoparticles and delivered them to rat Achilles tendon sites with Achilles tendinitis. The collagen and factor around the tendon increased, showing that PLGA nanoparticles have an excellent therapeutic effect on Achilles tendinitis.
Yan et al. (2021) concluded that fibroblast growth factor (bFGF) can promote tendon healing, and they prepared PLGA electrospun membrane loaded with ibuprofen (IBU) and bFGF to treat Achilles tendon injuries in animals. The study showed that the PLGA electrospun film loaded with bFGF and IBU significantly reduced inflammatory factors and increased collagen fibres at the Achilles tendon healing area. Weng et al. (2020) studied the use of electrospinning to develop antibiotics loaded ultrafine materials. It was found that PLGA nanofibers released effective concentrations of epinomycin more than 40 days after surgery. At 1.5 weeks, the maximum intensity levels of control tendons were lower than that of healthy tendons. At 3 weeks, the doxycycline group showed a top tendon strength level comparable to the healthy tendon group. The control group did not receive a doxycycline nanofiber membrane, and the maximum intensity was poor compared to the other two groups. Six weeks after surgery, the tendon strength was comparable in all three groups, while the values in the doxycycline group were slightly more significant than the other groups, and the rats also showed better mobility and stronger tendons after surgery.
In addition to using sustained-release systems, some scholars have used new bioactive scaffolds to transplant multifunctional stem cells to repair Achilles tendon injury. Zhao et al. (2019) integrated MSC sheets and bFGF into PLGA/bFGF-fibrin gel scaffolds, promoting the proliferation, and differentiation of MSCs into tendons and synergistically promoting the reconstruction of injured tendons. Histological observation of regenerated tendons at 8 weeks after transplantation showed that the PLGA/bFGF-fibrin gel scaffold integrated with MSC sheets and bFGF had more interwoven collagen fibres compared with the PLGA/MSCs and PLGA/bFGF groups, while the control group had a lower content of fibrocytes and myofibers. Therefore, the transplantation of PLGA/MSCs/bFGF into injured tendon sites in humans can promote the remodelling of necrotic cells around tendons, improve the degree of tendon injury, and promote the repair and regeneration of tendons.
It is a novel idea to use PLGA hydrogel as a carrier in tissue engineering to repair Achilles tendon injury. The use of hydrogel can improve the body’s compatibility and promote the removal of necrotic tissue. Yuan et al. (2015) injected 5-Fuloaded PLGA-PEG-PLGA hydrogel into the severed Achilles tendon on the right side of the rat. Studies have shown that 5-Fu-loaded PLGA hydrogel can effectively inhibit the adhesion and contracture of Achilles tendon soft tissue, providing a solid guarantee for clinical research of Achilles tendon injury. Similarly, the unit model treated with PLGA film prepared by electrospinning also showed better inhibition of tissue adhesion and tissue repair ability (Song et al., 2015b).
Making appropriate improvements in the performance of biomedical polymer materials and combining various cells to repair Achilles tendon injuries will improve the repair efficiency of Achilles tendon injuries. El Khatib et al. (2020) determined the biological characteristics of sheep amniotic epithelial cells by changing time and distance by treating PLGA with highly aligned microfibers using cold atmospheric plasma (CAP). The results showed that the hydrophilicity and cellular characteristics of PLGA microfibers were improved by treating PLGA microfibers with CAP in the range of 1.3 m.
In addition to the use of biomedical polymer materials, the combined use of drugs for the intervention of Achilles tendon injury will maximize its repair function. Chen et al. (2020) prepared Collagen Hybridizing Peptide (CHP)-modified PLGA nanoparticles and delivered them to mouse Achilles tendons using rapamycin (RAPA) as a drug model. The results showed that CHP-PLGA-RAPA nanoparticles reflected histocompatibility and affinity when repairing Achilles tendon injuries, allowing rapid repair of injured Achilles tendon tissues.
Although numerous studies have shown that PLGA is a promising material for repairing Achilles tendon injuries, the production of acid degradation products and the lack of active groups that interact with cells are still the main factors limiting its wide application in the repair of Achilles tendon injury. Blending or graft modification with natural polymers may be an effective strategy to solve the above problems, which will inevitably become a research hotspot in this field.
EFFECT OF PTMC ON ACHILLES TENDON REPAIR
Poly (trimethylene carbonate) (PTMC) is formed by ring-opening condensation of trimethylene carbonate monomer, which has non-toxicity, good cytocompatibility, and degradability.
Li et al. (2020) studied nanofibrous PCL/PTMC-MA biopolymer scaffolds. The results showed that the mechanical properties of polymer composite scaffolds composed of PTMC combined with PCL increased significantly, which prevented tissue adhesion and promoted cell proliferation and differentiation.
Shieh et al. (1990) prepared polymer material fibres from random copolymers of 90% DMTMC and 10% TMC. They retain excellent biomechanical properties and have appropriate biodegradability. It lays a foundation for the proliferation and migration of rabbit Achilles tendon cells and further improves the activity of stromal cells. Duek et al. (2014) used P (LDLA-TMC) membrane as a protective membrane and implanted it into adjacent tissues in New Zealand rabbits to prevent their adhesion. The results showed that the proliferation and differentiation of cells were accompanied by scar formation around the soft tissue, indicating that the P (LDLA-TMC) membrane has a specific anti-adhesion effect in repairing Achilles tendon injury.
PTMC does not produce acidic degradation products during in vivo degradation, allowing a reduction in the number of inflammatory factors around the Achilles tendon and removing necrotic scar tissue. Although PTMC overcomes the disadvantages of producing eosinophilic substances, its application in repairing Achilles tendon injuries is less studied, and there are still some problems that need to be solved urgently. For example, further study is required to ensure that stem cells can play a full role in PTMC scaffold materials and are evenly distributed on the material surface without shedding.
EFFECT OF PDS ON ACHILLES TENDON REPAIR
Polydioxanone (PDS) has non-toxicity, contamination, complete degradation, and good mechanical properties. Using PDS loaded fibroblasts to suture the Achilles tendon injury site can promote fibroblasts to exert their unique properties and heal Achilles tendon injury. He et al. (2002) seeded fetal skin fibroblasts into the human amniotic extracellular matrix (HA-ECM) and wrapped them around the Achilles tendon injury suture sutured by PDS. The immunohistochemical results showed that the labelled seed fibroblasts grew well. The rate and quality of Achilles tendon recombination in the experimental group were better than those in the control group, indicating the use of PDS is used helpful for the repair of Achilles tendon injury.
Unlike the above studies, Moshiri et al. (2015) fabricated a collagen implant (CI) as a simulated tendon, simulated the accessory tendon with a PDS sheath, and then embedded bovine platelet gel (BPG) as an active source of growth factors in rabbits Achilles tendon defects. Studies have found that activated platelets in the scaffold release significantly higher growth factors than the control group, and the turnover of peritendinous fibrocytes and remodelling of the Achilles tendon have also been further improved. Oryan et al. (2014) also studied the effect of 3D collagen and collagen/PDS implantation on rabbit Achilles tendon defect model by observing the histopathology and ultrastructural structure of injured Achilles tendon and intact Achilles tendon. It has been shown that the implantation of 3D collagen and collagen/PDS accelerates the production of new tendons in the defect area and restores the average functional level of the Achilles tendon.
PDS has excellent mechanical and mechanical properties, playing a role in consolidating acute Achilles tendon rupture in humans. Gebauer et al. (2007) conducted a comparative experiment of the surgical suture in patients with acute Achilles tendon. The results showed that the Bunnell method had primary suture stability than the Kessler method, and PDS had higher suture strength. It indicates that PDS as a suture material can help connect the broken end of the human Achilles tendon and play a role in fixation and support. Ji et al. (2015) compared the effect of PDSII and Ethibond W4843 surgical sutures in treating acute Achilles tendon rupture. By postoperative observation, the two suture biomedical materials had an almost consistent therapeutic effect in incision infection and re-rupture rate, but in the follow-up score, the wound healing effect of PDSII was slightly inferior to Ethibond. Yildirim et al. (2006) found that the two PDS sutures had the highest tendon stress, indicating that PDS has the loading capacity and excellent elastic properties, plays a tight junction role in the healing of fresh Achilles tendon, and provides practical help for the tissue healing and cell regeneration of Achilles tendon rupture.
Some scholars have also reported that using PDS and non-use of PDS as carrier substances for repairing the Achilles tendon will have different therapeutic effects. Meimandi-Parizi et al. (2013) used collagen and collagen-PDS implants to reconstruct Achilles tendon defects. Studies have shown that with the introduction of PDS materials, the biomechanical properties of the experimental group have been significantly improved, the necrotic tissue around the injured tendon has been reduced, and the soft tissue adhesion around the Achilles tendon has also been effectively inhibited.
In summary, PDS has the advantages of good degradability and biocompatibility and is now widely used in the field of clinical medicine, such as surgical sutures, which can provide vital help for the future of Achilles tendon rupture and promote the rapid recovery of the mechanical characteristics and functional level of the Achilles tendon.
EFFECT OF OTHER MATERIALS ON ACHILLES TENDON REPAIR
Pietschmann et al. (2013) prepared Polyglycolic acid (PGA) scaffolds for bridge Achilles tendon rupture in rats. The study results showed that the application of MSC significantly improved the healing rate of the Achilles tendon compared with the PGA scaffold alone group.
Nguyen et al. (2020) studied the effect of polyethene (PE) sutures in repairing human Achilles tendon rupture and evaluated the mechanical properties of the suture. The results showed that PE could be used as a medical polymer material to suture human Achilles tendon rupture, but the tensile resistance and degradability are general.
Cai et al. (2018) seeded allogeneic bone marrow stem cells (BMSCs) were on polyethylene terephthalate (PET) scaffolds and then implanted into rabbit unilateral Achilles tendon defects. The results showed that 12 weeks after surgery, the BMSCs-PET group was significantly more substantial than the control PET group in terms of type I and III collagen fibres and mechanical characteristics. In addition, researchers have simulated the fibrous structure of Achilles tendons with different structures of polypropylene (PP) and PET, and PET Achilles tendons showed some anti-fatigue and appropriate creep characteristics (Morais et al., 2020). Unlike the above studies, Gall et al. (2009) investigated the mechanical stability of polypropylene (PP) shapes in repairing distal Achilles tendon ruptures in dogs. The results showed that PP could be used as a medical polymer material to repair the Achilles tendon after surgery.
CONLUSION
The ideal scaffold material is still a critical issue for tendon tissue engineering. The research results of scaffold materials will directly promote the development of tendon tissue engineering and have broad clinical application prospects. In this review, we summarized the progress of biodegradable polymers, such as PCL, PLA, PLGA, PTMC, and PDS, in treating Achilles tendon injury. The biodegradable polymers loaded with stem cells or drugs can significantly improve the Achilles tendon injury repair effect. Although the research and application of scaffold materials derived from biodegradable polymers in tendon tissue engineering have succeeded, the currently used materials may have biocompatibility and degradability problems or have defects such as poor mechanical properties complex in processing and moulding. There are still some problems in applying biodegradable polymers to repair Achilles tendon injury that needs to be further explored; for example, are the adverse effects of biodegradable polymers on human function significant? Can the patient be helped to maximize functional recovery? Can tissue-engineered scaffold materials produce relatively ideal therapeutic results in humans and animal models? Are there differences in physiological and biomechanical properties between regenerated and native Achilles tendons? The above problems still need further study to be solved. Therefore, developing synthetic materials and modified natural materials to make them an ideal scaffold material that meets the requirements is an essential direction of repairing Achilles tendon injury. With the continuous development and close cooperation of life sciences and material sciences, ideal materials for repairing Achilles tendon injuries will undoubtedly be produced. The treatment of Achilles tendon injuries will be more straightforward, which will be a boon for many athletes.
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